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First Records for the Rice Plant Hopper, Sogata 


orizicola Muir, in Puerto Rico (Homoptera: 


Fulgoridea: Delphacidae) 


James P. Kramer and Luis F. Martorell! 
INTRODUCTION 


“Hoja blanca’’, is a very serious disease of rice, recently found for the 
first time in the southern part of the United States, but known since 1954 
in Cuba, Venezuela, Panama, Costa Rica, the Dominican Republic, Dutch 
Guiana, El Salvador, Guatemala, and Colombia. According to Atkins and 
Adair (7), in Cuba and Venezuela the estimated yield reduction in affected 
fields has been as much as 75 percent. 

In order to establish the presence of the vector of this disease in Puerto 
Rico the senior author visited the Island during September of 1959. The 
vector, Sogata orizicola Muir was found breeding in certain rice areas of 
Puerto Rico. 


DISCUSSION 


The fulgorid fauna of Puerto Rico is exceptionally well known from the 
comprehensive report of Caldwell and Martorell (2). The present note adds 
an economic species new to the Island fauna. 


Sogata orizicola MUIR 


1926 Sogata orizicola Muir. Bul. Hawaiian Sugar PI. Assoc. 18: 27; 
pl. 4, figs. 78-80 


Length 3-4 mm. Macropterous or brachypterous (see fig. 1). General 
coloration as in Sogata cubana (Crawford) and S. furcifera (Horvath), but 
male lacks very dark spot at apex of clavus almost always found in males 
of the other two species. Females of the three species cannot be separated 
at present. 


1 Entomologist, Entomology Division, Agricultural Research Service, USDA; and 
Head, Department of Entomology, Agricultural Experiment Station, University of 
Puerto Rico, Rfo Piedras, P. R., respectively. 

* Italic numbers in parentheses refer to Literature Cited, p. 165. 
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male genitalia 


or short-winged forms may occur in either sex. 





Fig. 1.—Sogata orizicola, male and female, and the male genitalia. Note that long- 
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The critical diagnostic characters are found in the male genitalia, particu- 
larly the styles. Apex of style broad with inner apical margin rather pointed 
and with a marked oblique carina (fig. 1). 

S. ortzicola, the rice plant hopper, is apparently restricted to rice as a 
host plant and is the only known vector of ‘“hoja blanca”, a virus disease 
of field rice. During the survey of the Cicadellidae and Fulgoridae con- 
ducted by Caldwell and Martorell in the latter part of 1947 they could not 
collect this particular insect species. This might have been because they 
did not collect insect material from rice fields. Undoubtedly the species 
has been in the Island for a long time. It is to be noted that the insect is 
recorded from the eastern regions of the Island although rice fields were 
studied in the western areas. 

PUERTO RICAN RECORDS.—Cayey, Cidra, Naguabo, San Lorenzo, and 
Yabucoa. All specimens taken on field rice from September 21-24, 1959 by 
Kramer and Martorell. Specimens will be deposited in the U. 8. National 
Museum, Washington, D. C., and the Agricultural Experiment Station, 
Rio Piedras, P. R. 

SUMMARY 

The important disease of rice, “hoja blanca” is transmitted by the 
fulgorid, Sogata orizicola Muir. The vector was found breeding in rice 
fields at the eastern region of the Island of Puerto Rico. A brief description 
of the insect, as well as a plate illustrating the same are given in the article. 


RESUMEN 


La muy importante enfermedad del arroz, Hoja Blanca, es trasmitida 
por el fulgérido Sogata orizicola Muir. El vector se encontré en campos 
arroceros de la parte este de la isla de Puerto Rico. En este articulo se des- 
cribe brevemente el insecto y se ilustra el mismo. 
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Efficiency of Ladybeetles (Coccinellidae: 
Coleoptera) in Insect Control 


George N. Wolcott! 


INTRODUCTION 


The extraordinary and world-famous success of the control of the cottony 
cushion scale (Icerya purchasi Maskell) in California citrus groves by the 
introduction of the Australian ladybeetle (Rodolia or Vedalia cardinalis 
Mulsant) was in reality such a special instance of the value of biological 
control as to result in the retardation for as much as a dozen years of prog- 
ress and investigation of other methods of insect control in California. 
Citrus growers in particular, and the general public as a whole, were con- 
vinced that, if an imported ladybeetle could control one insect pest, some 
comparable parasite or predator should be equally effective against every 
other pest. To properly evaluate just how unique and specialized this 
particular demonstration of the value of biological control actually was, 
the total evidence of effectiveness of ladybeetles in a similar, comparable 
insular environment is presented herewith. 


DISCUSSION 


HISTORICAL 


The insect fauna of the Island of Puerto Rico in the West Indies, the 
more eastern of the Greater Antilles, approximately 100 miles long and 30 
miles wide, was recorded by the eminent Cuban naturalist, Dr. Juan Gund- 
lach, born in Germany, who collected there in 1873 and 1875. Presumably, 
almost any insect that he recorded as being present at that time was 
endemic, as this was long before the planned importation of ladybeetles 
had even been considered. But, following the discovery of an infestation of 
the cottony cushion scale in a rose-garden in a suburb of San Juan in 1932, 
and its rapid dispersion to beefwood, Casuarina equisetifolia, trees and 
citrus groves, an importation of the Australian ladybeetle demonstrated 
in how varied an environment it could survive. Annual rainfall along the 
north coast of Puerto Rico varies from 50 to 90 inches per year, quite 
different from conditions in the irrigated citrus groves of California. Indeed, 
the entomogenous fungus, Spicaria javanica, under conditions of high 
humidity and temperature, caused total elimination of the scale in several 
citrus groves, while the ladybeetle achieved only commercial control 
generally during dryer periods. 

1 Entomologist, Remsen, N. Y., U.S.A. 
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The only partial effectiveness of the imported ladybeetle is definitely 
most desirable, for enough scales survive somewhere to serve as food for at 
least a few beetles. Although very scarce at times, Vedalia has never com- 
pletely disappeared, as has happened at least twice on the much smaller 
Island of Bermuda, forcing an appeal for help from Puerto Rico, on the 
appearance of fresh scale outbreaks. In citrus groves close to the beach at 
Dorado, exposed to the direct buffetings of the trade winds, the scales con- 
tinued to survive despite repeated releases of ladybeetles from the labora- 
tory, as apparently some stage of the beetles could not survive under such 
extreme conditions. But, most surprisingly, somewhat smaller reddish 
larvae of a previously unknown ladybeetle, Decadiomus pictus Chapin, 
were found feeding on the scales here: so rare and restricted in its distribu- 
tion as never to have been noted elsewhere, or found subsequently. 

In most striking contrast to the apparently permanent establishment of 
an Australian ladybeetle, specifically predaceous on an Australian scale 
insect, which by preference and most commonly occurs on the needles of 
the Australian pine, Casuarina equisetifolia, consider the condition of the 
formerly abundant Megilla or Coleomegilla innotata Mulsant, definitely 
recorded by Dr. Gundlach and presumably endemic. With conspicuous, 
bright yellow, unspotted elytra, the beetles may feed on pollen grains, and 
both adults and larvae were repeatedly noted feeding on various kinds of 
aphids, and most often on the common yellow aphid of sugarcane, Sipha 
flava Forbes. But as mass infestations of this aphid have become more 
numerous, especially following the introduction of the very susceptible 
Uba cane, records of this ladybeetle become increasingly scarce, the last 
one being in 1940. Presumably the species still exists, but one cannot but 
wonder why, with increasingly abundant sources of food, and no attempts 
at insecticidal control of the aphids, it nevertheless has tended to disappear. 

What would appear to be a strictly comparable species, Cycloneda 
sanguinea Linnaeus, with unspotted, orange-red elytra, continues to be 
abundant, and is most often noted feeding on Sipha flava, but is by no 
means confined to this one species of aphid. Despite heavy parasitization 
of the larva by the Braconid wasp, Homalotylus terminalis Say, it appears 
to be one of the. most common, and conspicuous of ladybeetles, of which 
individuals are often noted in cane fields and on vegetation not closely 
associated with sources of food. It is almost invariably associated with 
heavy infestations of Sipha flava, and in one notable case was so abundant 
as to eliminate the possibility of conducting experimental tests of cyanogas 
for aphid control. 

Yet one never sees outbreaks of yellow aphid effectively controlled by 
these ladybeetles, the only instances of absolutely complete control being 
due to extended rainy periods favoring the entomogenous fungi Acrostalag- 
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mus albus and A. aphidum. For these two oval ladybeetles, one with red 
elytra, the other with yellow, all conditions would appear to be in favor of 
Megilla maculata, not known to be attacked by specific parasites, and pre- 
sumably no more likely to be snapped up by the grass lizards, such as 
Anolis pulchellus, unless one can imagine that their yellow elytra are more 
obvious to the lizards than the red elytra of the now much more common 
Cycloneda sanguinea. 

The considerably smaller, endemic, aphid-feeding species, such as 
Scymnus floralis F., Scymnus roseicollis Mulsant, Hyperaspis festiva Mulsant, 
and Hyperaspis connectens Thunberg, are quite often noted as one or a few 
individuals associated with plants of sugarcane, corn, cotton, and some 
vegetables, but are really of only minor value after aphid infestations have 
gotten well started. The almost universal necessity for the application of 
insecticides for the control of Myzus persicae on commercial plantings of 
eggplant and pepper, and more recently on tobacco, is a sad commentary 
on the ineffectiveness of ladybeetles in the control of at least this one aphid, 
which appears unaffected by any parasite or predator. Comparatively little 
effort has been expended on the specific introduction of aphid-eating lady- 
beetles, the one obvious exception being Coelophora inaequalis l’., originally 
from Australia, sent to Puerto Rico from Hawaii. It appears to be estab- 
lished, as adults have been collected from the extreme limits of the Island, 
but not in sufficient numbers to prove its value. 


PLANNED INTRODUCTION 


The first purposeful and planned introduction of a ladybeetle into Puerto 
Rico was of the socalled Australian “mealybug-destroyer”’, Cryptolaemus 
montrouziert Mulsant, in the expectation that it would feed on the mealy- 
bugs of sugarcane. These mealybugs, however, occur almost exclusively at 
the nodes under the leaf-sheaths, tightly wrapped around the stalks of 
cane, where they are well protected against external influences. By the time 
that the individual leaf-sheath has matured and loosened, the female 
mealybug has also matured, and the crawling young of the succeeding 
generation have disappeared. In captivity Cryptolaemus beetles readily 
fed on hand-collected mealybugs from sugarcane, and not only survived, 
but thrived. But when released in cane fields they migrated to other environ- 
ments, and were later found feeding on exposed mealybugs and soft scale 
insects. They were so conspicuously successful in greatly reducing the 
numbers of these unanticipated hosts that records of outbreaks are rare 
in the years following the introduction. 

The very limited space under the base of a leaf-sheath of sugarcane so 
often infested by mealybugs actually does provide room for a surprisingly 
large ladybeetle, Hyperaspis trilineata Mulsant, present in Trinidad and 
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Barbados. Repeated introductions into Puerto Rico have been made, but 
apparently not in sufficient numbers to secure establishment of the species, 
or at least, none has been recovered in the field. 

Of all the subsequent importations of ladybeetles none has been more 
successful in accurately controlling the preferred, or most desired, host of 
which control was expected, than that of Cladis nitidula Fabricius. Although 
a surplus of the beetles may be found feeding on other scale insects, this 
beautiful yellow ladybeetle with bright, iridescent green elytra was specifi- 
cally selected as a predator on the scales, Asterolecanium bambusae Bois- 
duval of the trunks of bamboo. Although so conspicuously beautiful in 
green and yellow, it accurately matches the background of the bamboo 
trunks, and almost invariably one will find larvae or adults in almost every 
cluster of bamboo inspected. 

Against the background of the shining, polished, dark-green trunks of 
Bambusa vulgaris, the ladybeetles are not at all conspicuous, except possibly 
when in motion. Apparently the lizards inhabiting the bamboo clumps do 
not habitually feed on them, or their spiny, black, yellow, and white larvae, 
nor on the reddish-yellow pupae marked with black, for Cladis continues 
to occur in moderate abundance, over at least the observed period of years, 
on almost every bamboo clump of the Island. It has greatly reduced the 
scale population, possibly having attained a state of ecological balance, and 
only locally and temporarily exhausting its food supply. At times the 
preferred bamboo clusters may produce a surplus of beetles which have 
been observed on Bougainvillea bushes, absolutely eliminating heavy infes- 
tations of Orthesia praelonga, but this is exceptional. Indeed, this may be 
considered possibly the most successful of introductions in Puerto Rico: 
attacking and greatly reducing the abundance of the scale from which it 
was collected in Martinique and Trinidad, but with a small surplus of 
scales always present, so that the food supply is not exhausted and the 
beetle starved into extinction. 


SPREAD OF THE ENDEMIC LADYBEETLE Chilocorus cacti L. 


Regardless of what in Cuba may be the vital factors resulting in limiting 
the abundance of the endemic ladybeetle, Chilocorus cacti L., they would 
appear largely inoperative when these aggressive beetles were brought to 
Puerto Rico. The trade winds of the West Indies, blowing almost constantly 
from the northeast, have apparently restricted the previous natural dis- 
tribution of this beetle to Cuba, the most western of the Islands. But 
rapidly becoming abundant in Puerto Rico, explosively by its own efforts, 
and presumably helped by the direction of the trade winds, it not only 
reached the little Island of Mona, but also the much larger major Island 
of Hispaniola, dispersing from one end to the other. Definitely not. omnivo- 
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rous, but feeding on a wide variety of scale insects, and possibly even the 
yellow aphid of sugarcane, Sipha flava Forbes, it has many times been 
observed to stop infestations of the coconut scale, Aspidiotus destructor 
Signoret, and the West Indian peach scale, Pseudalacaspis pentagona 
Targioni, a major pest of papaya at lower elevations, and of peach trees in 
the mountains of Haiti. 

Indeed, Chilocorus cacti, is much too effective for its own good, an en- 
gulfing wave of its gregarious larvae so entirely and absolutely destroying 
every scale insect on a papaya or peach tree that none survive to serve as 
food for the species. As was related in more detail at the Montreal Congress 
(1),? a dozen or l5 years elapsed after their initial introduction into Puerto 
Rico before not only the more obvious of host scale insects, but also the 
beetles, completely disappeared, and a subsequent period elapsed before 
a small colony of one scale reappeared. Only the lapse of time will indicate 
whether any other species of scale insect, or the ladybeetle itself, survived. 


NONE GENERALLY EFFECTIVE TO CONTROL APHIDS COMMERCIALLY 


All data regarding these ladybeetles, and all the others known to exist 
on the Island, are recorded in the inclusive account of ‘“The Insects of 
Puerto Rico” (2), but the conclusions to be drawn from their summarization 
are new. It now becomes obvious that, despite all the attention devoted to 
the individual ladybeetles, both the endemic and introduced, none is 
generally effective in the commercial control of aphids. The socalled green 
peach aphid, Myzus persicae, which has recently attained such importance 
as a pest of tobacco, is attacked by none, and is virtually insusceptible to 
biological control. One must also conclude that endemic ladybeetles have 
a very limited commercial usefulness, each species having long previously 
attained a status of ecological equilibrium, not readily disturbed, and for 
the most part unaffected by the arrival of any new species of scale insect. 

Since most probably the flora of Puerto Rico originally did not include 
the coconut palm tree, it may be presumed that the specific scale insects of 
the coconut palm were unwittingly brought in with the original (or subse- 
quent) introduction, but without any corresponding ladybeetle predator 
from the country of origin. No quarantine inspection of grapefruit trees 
prevented the introduction of scale insects of citrus. Recent times have 
witnessed the introduction on Mona Island of the cottony cushion scale 
on nursery seedlings of the Australian pine, Casuarina equisetifolia, just 
when these trees were becoming most popular in Puerto Rico and were 
being most widely dispersed. In each case ladybeetles specifically attacking 
particular scale insects, when freed of their previous enemies (admittedly 


2 Italic numbers in parentheses refer to Literature Cited, p. 172. 
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not including the native lizards of Puerto Rico) and brought from their 
country of origin in sufficient numbers to assure establishment, may be 
spectacularly effective in their new environment. 

Of the numerous introductions of ladybeetles in most recent times, most 
failed of survival, or at least no indication of their presence can be found af- 
ter the first reports of their release and establishment. As with all bewildered, 
helpless immigrants in a new environment, the factors affecting survival are 
numerous. These may not be at once apparent, although the omnipresent 
lizards, Anolis cristatelus, one of which inhabits each fence-post, and nearly 
every tree in Puerto Rico, are too conspicuous to be ignored, and account 
for the mortality of most of the beetles in every release in the few minutes 
before they can take cover. More introductions have apparently failed 
than those which succeeded, even though the outcome could never have 
been predicted. 

One may thus summarize the results of ladybeetle introductions in 
Puerto Rico as consisting of a few obvious and most conspicuous successes 
in the commercial control of mealybugs and scale insects, but none of 
aphids. Some of these are of most permanent value when destruction of 
the hosts fails of being total, always leaving an ample margin for their later 
subsistence. On the other side of the picture are the much more numerous 
(but unpublicized) failures of ladybeetles to survive the first few months or 
year after introduction. In the control of major economic pests, the effect 
of the endemic forms is practically negligible, one at least of which for no 
apparent reason in recent years has actually disappeared. 


SUMMARY 


A most remarkably effective control and often total elimination of some 
scale insects and exposed mealybugs by ladybeetles—Coccinellidae: 
Coleoptera—occurred on the tropical Island of Puerto Rico, affecting such 
introduced plants as coconut palm, grapefruit, bamboo, and Australian 
pine. No comparable control resulted of aphids, either by introduced lady- 
beetles or endemic species, presumably in ecologically balanced adjustment 
to their environment. Indeed, the native ladybeetles became scarce, or 
tended to disappear. None feeds on Myzus persicae, a major pest of egg- 
plant and pepper, and most recently on tobacco. No instance of effective 
control of the yellow aphid of sugarcane, Sipha flava, due to ladybeetles, 
has been observed. 


RESUMEN 

El mas extraordinario y eficaz combate y la casi total eliminacién de las 
queresas y chinches harinosas ocurri6é en la isla tropical de Puerto Rico 
cuando éstas atacaban plantas introducidas, tales como el coco, toronjas, 
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bambues y pinos australianos. En los pulgones no hubo un control com- 
parable debido a que en las cotorritas introducidas o endémicas ocurrié un 
balance ecolédgico de ajuste al medio ambiente y su eficiencia se redujo 
notablemente. Se ha observado que las cotorritas nativas escasean y tienden 
a veces a desaparecer. Ninguna de ellas se alimenta de Myzus persicae, la 
plaga mayor de las berenjenas, los pimientos y recientemente del tabaco. 
No se ha notado un control eficaz del pulgén amarillo de la ecafia, Sipha 
flava, debido a la accién de las cotorritas predatoras. 
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The Effect of Yields on Picking Efficiency 


in Coffee Production! 


9 


Servando Silva, Fernando Abruna, and José Vicente-Chandler* 


INTRODUCTION 

Picking is the most expensive operation in coffee production. Although 
it is generally assumed that picking efficiency increases with yields, the 
authors have found no experimental evidence in the literature to sustain 
such an assumption. 

The present study was conducted to obtain information on the effect of 
yields on efficiency of picking coffee, using plots with a wide range of produc- 
tivity from a fertilizer experiment reported on in detail by Abrufia, Vicente, 
and Silva (7).8 


MATERIALS AND METHODS 


The test was conducted on steep (45-percent) slopes in the Coffee Region of 
Puerto Rico. four-year-old trees of the Bourbon variety of Arabica coffee 
planted 3 feet apart in rows so as to form hedges were used (fig. 1). Data 
were obtained from 128 plots of 12 trees each. In general, the plots differed 
only in such factors as vegetative growth, number of berries per cluster, 
ete., Which naturally vary with yield. 

The plantation was harvested five times at 3-week intervals and only ripe 
berries were picked. Each time the weight of berries harvested from each 
plot and the time required were recorded. Data from all pickings were then 
totalled by plots, and efficiency of picking was expressed as pounds of ber- 
ries picked per man-hour. Total yields of market coffee were calculated, 
assuming that 5 pounds of berries yield 1 pound of market coffee. 


RESULTS AND DISCUSSION 


Yields from the different plots varied from about 100 to 2,500 pounds of 
market coffee per acre, representing the full range normally expected in 
coffee plantings. 


! This work was carried out cooperatively between the U. 8S. Department of Agri- 
culture and the Agricultural Experiment Station of the University of Puerto Rico, 
tio Piedras, P. R. Special appreciation is due Dr. B. G. Capé, Associate Director, 
Agricultural Experiment Station, University of Puerto Rico, for statistical analysis 
of the data. 

* Physical Science Technician, Soil Scientist, and Project Supervisor, respectively, 
Soil and Water Conservation Research Division, Agricultural Research Service, U.S. 
Department of Agriculture, stationed at Rio Piedras, P. R. 

’ Italic numbers in parentheses refer to Literature Cited, p. 175. 
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Fig. 1.—View of experimental plots showing extremes in productivity. Plot on 
left yielded over 2,000 pounds of market coffee per acre, compared to about 200 pounds 
produced by unfertilized plot on the right. 
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The statistically highly significant relationship shown in figure 2 explains 
38 percent of the total variation and indicates that picking efficiency in- 
creased gradually with yields up to about the 1,800-pound level. About 25- 
percent less labor would be required per unit of yield with an 1,800- than 
with a 500-pound crop. 

As yields increase the berries are concentrated on a smaller area and less 
movement is required in picking, resulting in increased efficiency, particu- 
larly over the lower yield range. On the other hand, at high yield levels, 
vegetative growth is naturally more luxuriant and it is more difficult for 
the laborer to reach the berries. Of more importance, the number of berries 
per cluster increases rapidly and, since care must be taken to pick only the 
ripe ones without knocking off the green berries, the work is retarded. For 
these reasons picking efficiency tends to level-off, or may even decrease 
slightly at high-yield levels. 

It should be pointed out that overall picking efficiency in this study was 
only about two-thirds of that normally attained in commercial plantings 
of comparable productivity. This was because extreme care has to be 
exercised in harvesting experimental plots used for fertilizer experiments. 
However, there is every reason to believe that the general relationship be- 
tween yields and picking efficiency would hold true under farm conditions. 

The large, overall variability was due primarily to individual differences 
among the laborers. Time of day and changes in the weather also probably 
resulted in considerable variation. It should also be noted that almost the 
entire crop of some of the low-yielding plots was harvested at one picking, 
resulting in a relatively high picking efficiency although total yields were 
low. 

SUMMARY 

Picking efficiency was found to increase gradually with yields of coffee 
up to about 1,800 pounds of market coffee per acre in 128 plots varying 
widely in productivity as a result of differential fertilization. 

RESUMEN 

La eficiencia en la recoleccién de café aumenté gradualmente segtin 
aumentaban los rendimientos hasta aproximadamente 1,800 libras de café 
pilado por cuerda, en 128 parcelas experimentales que variaban grande- 
mente entre si en produccién, como resultado de diferentes aplicaciones de 


abono. 
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The Determination of Moisture in Parchment 
Coffee and Green Coffee Beans with a 
Dielectric-type Moisture-Meter 


D. 8S. Boyce! 
INTRODUCTION 


It is becoming increasingly important for those concerned with the 
production, processing, and handling of seedlike products to have an 
accurate and rapid method of determining their moisture content. Zeleny 
(19)? stated that the moisture content is one of the most important factors 
affecting the quality of grain. Since the moisture content bears an inverse 
relationship to the amount of dry matter per unit weight of material, it 
is by itself a matter of direct economic importance. Of even greater signifi- 
cance, however, is the effect of moisture content on the keeping quality of 
grain. Dry, sound grain, if properly stored, may be kept for years with 
little deterioration in quality, but wet grain may spoil completely within 
a few days. It is not possible, however, to set precise moisture limits for 
the safe storage of grain or to predict accurately how rapidly it will deterio- 
rate at any given moisture content, because various factors other than 
moisture have a marked effect on storage behavior. Nevertheless, under 
practical storage conditions, moisture content is usually the principal factor 
governing the keeping quality of grain. Hall (//) stated that moisture- 
content determinations to within 1 percent are usually sufficient to establish 
whether grain will keep in storage. 

In addition to the factors mentioned above, methods of moisture deter- 
mination should be associated with all drying operations, especially when 
artificial means are employed, so that its end point may be determined 
and that the drying is not uneconomically prolonged beyond the point 
where further reduction in moisture content is advantageous. It has 
also been reported (/8) that both the method of drying and the moisture 
content of the coffee seed (parchment coffee) are important to their reten- 
tion of viability in storage. 

It will be noted that these introductory remarks concerning seedlike 

1 Assistant Professor, Department of Agricultural Engineering, College of Agricul- 
ture and Mechanic Arts, Mayagiiez, P. R. The author wishes to acknowledge the 
cooperation of Assoc. Prof. of Agronomy R. Pietri-Oms in providing laboratory faci- 
lities and equipment; and to D. Haddock, formerly Assistant Agricultural Engineer- 
ing II, Department of Agricultural Engineering, who carried out the laboratory work 


involved in collecting the experimental data. 
2 Italic numbers in parentheses refer to Literature Cited, pp. 192-3. 
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products in most instances have been made originally with reference to the 
grains of commerce of the Temperate regions rather than to coffee products. 
This is because most of the investigations concerning moisture-content 
relationships in such products have been carried out in Temperate regions 
and comparatively little attention has been given to moisture determina- 
tions of coffee products. 

As an initial step in a program to investigate coffee-processing problems, 
the Agricultural Engineering Department of this Station surveyed the 
various methods of moisture determination applicable to seedlike products 
and especially to coffee. Apparently no previous consideration had been 
given in Puerto Rico to the use of rational methods for moisture determina- 
tions of coffee, and all techniques for assessing moisture content seemed to 
be based on visual examinations by those concerned with the trade. Llewe- 
lyn (14) reported that planters in Kenya judged the moisture content of 
coffee in the 8- to 12-percent range to within about +1 percent in their own 
areas. In the range of 15- to 40-percent judgment of coffee moisture content 
was reported to be very unreliable. 

As a result of a survey (1/4) carried out on a worldwide basis under the 
auspices of the Coffee Board of Kenya it was concluded that, of all the 
types of moisture-meters which might be applicable to coffee, by far the 
most suitable was the Kappa moisture-meter, marketed by Messrs. Kappa 
Moisture-Meters, Ltd. After considering this report the Agricultural 
Engineering Department placed an order for a similar meter. The instru- 
ment Serial No. 7755 arrived early in 1958, and was calibrated for both 
parchment and green coffee during the latter part of the same year. 

The Kappa meter uses an indirect method of determining moisture based 
on measuring the dielectric properties of the material. These, in turn, are 
related to the moisture content. For a general discussion of this and other 
direct and indirect secondary methods of moisture determination the reader 
is referred to Zeleny (19) and to Anderson and Alcock (7). Llewelyn (74) 
also discussed the advantages and limitations of the Kappa (or dielectric- 
type) meter for determining moisture in parchment coffee. The details of 
the Kappa moisture-meter are described in literature obtainable from the 
manufacturer (8). The meter itself is shown with the various accessories 
in figure 1. 

REVIEW OF LITERATURE 

Aside from the work carried out by the Coffee Board of Kenya, already 
referred to, only two other reports of specific investigations of moisture 
determination in coffee have been noted. Barton and Goenaga (2) investi- 
gated the suitability of a resistance-type meter, the Universal Electrical 
within 
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the range of 10- to 23-percent moisture content, wet basis, hereafter m.c.w.b.* 
(8.25 to 18.70 percent m.c.w.b.). “Coco” is described by these authors as a 
heterogeneous mixture of whole fruits, broken fruits, clean seed, and fruit 
coats, with whole fruits comprising most of the mixture. As this material 
was reported to have originated in Brazil it has obviously been prepared 
by the ‘dry process” which results in Brazilian or “hard coffee.” Coffee 
produced in Puerto Rico and other areas using the “‘wet process”’ is referred 
to as ‘‘mild coffee.” In processing coffee by the ‘“‘wet process” parchment 
coffee is first produced. A parchment coffee consists of one of the socalled 
coffee ‘‘beans’’ of commerce hereafter referred to as green coffee. Each 
“bean” is enclosed in a thin membrane called “silver skin’ and then in a 





Fic. 1—The Kappa moisture-meter; a special filling tray on the extreme left is 
adjacent to the sample container; the instrument on the right is a voltage-control 
regulator. 


parchmentlike shell. The two coffee materials of this study were clean 
parchment coffee and green coffee, consequently no exact Comparison can 
be made with the work of Barton and Goenaga. 

Schwartzman (/6) stated that very little work had been done on the 
moisture determination of green coffee. He reported on a few trials com- 


3’ There are 2 methods of designating the moisture content: 1, Wet basis, and, 2, 
dry basis. The moisture content on a wet basis is obtained by dividing the weight of 
water present in the material by the total weight of the material. The percentage 
moisture on a dry basis is determined by dividing the weight of water by the weight 
of dry matter. Thus: 


Percent moisture content dry basis = (Wm/Wd) X 100 (percentage m.c.d.b.) 
Percent moisture content wet basis = [Wm/(Wm + Wd)] X 100 (percentage m.c. 


w.b.) 
where Wm = weight of moisture in sample 
Wd = weight of dry matter in sample. 
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paring air-oven methods of moisture determination with a toluene-distilla- 
tion method. Finally, Ives (13), and Goto and Fukunaga (9) mentioned 
the use of electrical meters for determining moisture in parchment coffee, 
but they gave no details of the equipment used or of its suitability. 

In contrast with the rather meager investigations into the moisture 
determination of coffee products a great deal of attention has been devoted 
to investigating various methods and moisture-meters for determining 
moisture in grain products. An excellent survey of the extensive work in 
this field is given by Anderson and Alcock (1). In comparing work in 
moisture determination in the cereal field with work on parchment coffee 
it should be noted that, with cereals, moisture is generally determined over 
the range 10 to 20 percent m.c.w.b. However, with coffee parchment it 
must in some instances be made over a range of perhaps 10 to 50 percent 
m.c.w.b. whereas for green coffee a range of from 8 to 20 percent m.c.w.b. 
is probably adequate for most purposes. 


EXPERIMENTAL PROCEDURE 


When using secondary or indirect methods of moisture determination it 
is not the actual moisture content of the material which is measured, but 
some other property instead, such as the electrical resistance or conduc- 
tivity or, in the case of the Kappa and similar meters, the dielectric constant 
or the capacitance. Consequently, these meters which measure secondary 
factors dependent on moisture content must be calibrated by some primary 
method of moisture determination so that the secondary factor may be 
expressed in terms of moisture content. 

Some of the more frequently used of these primary methods are described, 
as previously mentioned, by Anderson and Alcock (1). Two factors deter- 
mined the choice of the primary method selected. In the first place it was 
desirable to use a method which others had already found satisfactory for 
work with coffee. Secondly, the method should be such that the fairly large 
number of primary determinations necessary for the calibration of the 
meter over the required ranges for parchment coffee and green beans could 
be carried out conveniently. The method which was considered most satis- 
factory for this purpose was a distillation process known as the ‘‘Dean and 
Stark Method” (7). It involves distilling the material under test with a 
liquid, xylene, having a boiling point higher than that of water and which 
is also lighter than, and immiscible with water. The distillation is carried 
out with a special distillation receiver which enables water to be collected 
in a graduated cylinder, while the excess of the distillation liquid is allowed 
to run back into the distillation flask. The equipment for this type of 
moisture determination is similar to that sometimes known as the Bedwell- 
Sterling apparatus (3). The contents of the distillation receiver could be 
read directly to 0.2 cc. and estimated to one-tenth. 
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All the coffee used was Coffea arabica which originated from the College 
Farm, Mayagiiez. It was obtained either as washed and fermented wet 
parchment or as semidried parchment. The parchment coffee was then 
dried down to the desired moisture content. In the range down to about 15 
percent m.c.w.b. drying was carried out by exposing a single layer to the 
sun; below this level it was occasionally necessary to dry the parchment 
in a laboratory oven at a temperature of about 125° F. In no case was it 
necessary to wet the parchment artificially, though at the lower end of 
the moisture-content range it was found necessary in some instances to 
adjust the moisture content upwards by exposing the parchment in a single 
layer to the ambient air. 

The green coffee was obtained from the parchment of the appropriate 
moisture content using a small hand-huller. Its moisture content was 
reduced when required by either sun- or oven-drying in single layers, 
though again, in some instances, it was found necessary in the extreme 
lower range to raise the moisture content of a particular sample by exposing 
it to the ambient air. 

When a sample of either parchment or green coffee had reached what 
was estimated to be a desired moisture content it was sealed in double 
plastic bags and stored at least overnight, adjacent to the moisture-meter. 
This was to allow the moisture content of the sample to become uniform 
and for its temperature to approach that of the room. 

It became obvious as soon as initial trials were undertaken that, with 
material the moisture content of which must be measured over a consider- 
able range, and especially with coffee parchment, that it would be difficult 
to comply with the manufacturer’s (/5) instructions that samples of con- 
stant weight be used. It was found that because of very considerable changes 
in bulk density with moisture content, the instructions specifying that a 
sample of constant weight should be compressed to fill the sample container 
to a given volume could not be complied with. This is because, as it is 
shown later, increasing bulk densities are associated with increasing 
moisture contents for parchment coffee while, for green coffee, increasing 
bulk density is associated with decreasing moisture content. The sample 
container used had a useful capacity of 1,030 cc. and was designated as the 
No. 2 container by the manufacturer. 

As a result of these observations it was decided that the most fruitful 
approach would be to compact the contents of the sample containers as 
uniformly as possible, first by shaking down the contents and, finally, by 
compressing them to the line indicating maximum fill with a piece of wood, 
such as is shown on the extreme left of figure 1. Figure 2A and B shows the 
sample container loosely filled with parchment coffee and also the same 
parchment compressed to the maximum-fill line. Therefore, in each case 
after the meter reading had been made, the weight of the material in the 
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sample container was determined in grams. The importance of recording 
of the weight of the sample is discussed later. 

An important check was found against overcompressing the material 
in the sample container. If its contents were overcompressed the plastic 
container was slightly distorted. This was sufficient to prevent it from being 
fitted into the meter. If there was any indication of interference between 
the meter and the filled sample container, it was emptied and refilled. 

A further factor likely to influence the meter readings is that of tem- 
perature. Ideally, it would have been desirable to carry out all deter- 
minations at constant temperature, but this was impossible. The ambient 
temperature about the meter during trials was observed to vary from 76° 
to 83° F.; however, as explained later, all the meter readings were corrected 
to an arbitrarily selected temperature of 80° I. 

In order to determine the temperature-correction factor, all samples 
were first tested in the Kappa meter at prevailing ambient temperatures. 
Then the individual samples were sealed in double plastic bags and placed 
together with the meter in an air-conditioned room where temperatures 
were on an average 8° F. less. After remaining at least 12 hours so as to 
allow for a uniform temperature to be reached, Kappa meter readings were 
again obtained for each sample. In each instance the ambient temperature 
was recorded. 

The only other factor besides the weight of the sample and the tempera- 
ture which might have affected the meter reading was ambient humidity; 
however, it was felt that it was not feasible to investigate this factor and 
its influence was also considered likely to be negligible. Cook et al. (4) work- 
ing with resistance-type meters considered that a 10-percent change in 
the relative humidity of the test room had the same effect as, or less effect 
than a 1° F. change in temperature, and thought that no corrections were 
necessary if the relative humidity varied less than +10 percent. It was 
estimated that the variations of the ambient conditions under which the 
meter readings were taken were probably largely within this range. 

A total of 16 samples of parchment coffee, each divided into 4+ sub- 
samples, varying from a recorded moisture content of 48.8 down to 5.0 
percent m.c.w.b. were examined. Similarly, 11 samples of green coffee, 

each divided into 4 subsamples, and ranging from 4+ up to 30.6 percent 
m.c.w.b. were used. All the meter readings and moisture determinations 
were carried out by a single person. The primary moisture determinations 
by the Dean and Stark method were made only after the Kappa meter 
readings had been made at two different temperatures using a proportion 
of the material from each subsample. 
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EXPERIMENTAL RESULTS 
All the results were subjected insofar as possible to statistical analysis. 
This consisted basically of calculating linear regression equations for the 
appropriate unknowns. It was assumed after considering the results that 
all relationships within the range investigated could be considered as 
linear. 
The following notation has been adopted: 


v,; = Kappa meter reading at temperature 7’; . 
v2 = Kappa meter reading at temperature 7? . 
vy. = Kappa meter reading corrected to 80° F. 
v3; = Weight of material; (gm.) in sample container. 
? 3 
y1 = estimated percent m.c.w.b. determined from 2, . 
Y 
Yie = estimated percent m.c.w.b. determined from x. . 
y 
Yied = estimated percent m.c.w.b. determined from 2; and 23 or 21, 
v;and T,. 
Yia = estimated percent m.c.w.b. determined from 2; . 
T, = ambient temperature ° I’. at which x2; was made. 
T2. = ambient temperature ° F. at which x2 was made. 


Let W = T. — T, and Z = x. — 2 


S = the standard deviation from the regression, or standard error of 
estimate, as indicated. 
S, = the standard error of y as indicated. 
(where y reads regression y or estimated y or predicted y (17)). 
ryc = correlation coefficient as indicated by the appropriate subscript. 
N = number of pairs of observations. 


RELATIONSHIPS FOR PARCHMENT COFFEE 
l. y: = 0.0092,, — 19.53 
with S = 1.73 percent, S, = 0.42 percent at min. x; value and 
0.47 percent, at max. x; value observed, and N = 64. 
2. yie = 0.0092,;. — 19.53 
with S = 1.63 percent, S, = 0.40 percent at min. 2; value and 


0.41 percent at max. x1, value observed, and N = 64. 
3. A, tea = (0.005721, + 0.0723 — 37.51 
or 


B, Yiea = 0.005721 + 0.07123 — 0.0457) — 33.83 
with S = 0.58 percent, Sy = 0.38 at min. values 
of x1. and x3, and 0.68 percent at max. values 

of 2. and 3 observed, and N = 64. 
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4. A, Z = 7.81 W + 19.37 
with r., = 0.624, S., = 35.68 and N = 60 
or 
B, v2 — 2 = 7.81 (T2 — T1) + 19.37 
or 


if z= 2, and T, = 90° F. 
C, Ure = % — 7.817, + 644.17 
5. Yia = 0.2123 — 76.37 
with r,23 = 0.974, S = 2.22 percent, Sy = 0.53 percent at min. 
values of 2; and 0.89 percent and at max. value of .; observed, 
and N = 64. 
RELATIONSHIPS FOR GREEN COFFEE 
6. y1 = 0.0051r,; — 13.44 
with S = 1.24 percent, Sy = 0.30 percent at min. x; value and 
0.38 percent at max. x; value observed, and N = 44. 
- Ye = 0.00522;. — 14.00 


“I 


with S = 1.13 percent, Sy = 0.28 percent at min. x1, value and 
0.38 percent at max. 2; value observed, and N = 44. 
8. A, Yiea = 0.00492, — 0.04423 + 17.77 
or 
B, Yied = 0.00492,. — 0.0442; — 0.107) + 25.54 
with S = 0.769 percent, Sy = 0.24 percent at 
min. 2). and max. x; and 0.25 percent at 
max. 2, and min. x3 values, and N = 64 
9, A, Z = 20.14W — 25.89 
with r,, = 0.784, Sw = 63.47 and W = 44 
or 
B, %2 — 4% = 20.14 (T2 — 7) — 25.89 
or 
C, if x2 = x, and T; = 80°F. 


Xe = % — 20.147, + 1,585.31 
10. ya = 139.67 — 0.1823 
with 7,23 = —0.474, S = 6.87 percent and N = 4. 

In addition to equations 1 to 10 showing the results of these investigations 
figure 3 shows a scatter diagram of the values of x. and the corresponding 
values of y;,, determined by the Dean and Stark method with regression 
2, shown as a solid line. Figure 4 shows the corresponding scatter diagram 
for the values obtained for green coffee. Regression 7 is shown on the dia- 


gram as a solid line. 


* Significant at 1-percent level. 
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DISCUSSION 


All the relationships established were assumed after examination to be 
linear over the ranges investigated. That is from 5 to 48 percent m.c.w.b. 
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KAPPA MOISTURE METER READING 
Fic. 3.—A scatter diagram showing the relationship between the percentage mois- 
ture content, wet basis (Dean and Stark Method), and the Kappa moisture-meter 
readings corrected to 80° F. for parchment coffee. The corrected regression line is 
shown as a solid line. 


for parchment coffee, corresponding to meter-readings of 2,350 to 7,280 at 
temperatures varying from 84° to 67° F. Similar values for green coffee 
provided an observed moisture content ranging from 4 to 30.8 percent 
m.¢c.w.b., with corresponding meter readings of 3,560 to 8,264 over the 
same temperature range. In all instances the manufacturer’s No. 2 sample 
container was used. It is thought that the range of moisture content 
studied include the extremes likely to ever be encountered in practice and, 
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therefore, the range of the meter may be considered quite sufficient for 
work with coffee products. The meter dial has 10,000 divisions. | 
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Fic. 4.—A seatter diagram showing the relationship between the percentage mois- 
ture content, wet basis (Dean and Stark Method), and the Kappa moisture-meter 
readings corrected to 80° F. for green coffee beans. The corrected regression line is e 
shown as a solid line. : 


| percent m.c.w.b. is equivalent to approximately 109 meter divisions and : 
from equation 7 the corresponding value is 192 meter divisions for green ‘ 
coffee; therefore, the value of the moisture content can be directly deter- ‘ 
mined from the meter reading within at least two decimal points. Further- . 


more, as initial trials indicated that with a little experience an operator 
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could more or less duplicate readings using the same sample, it is considered 
that the sensitivity of the Kappa moisture-meter is sufficient for most 
purposes. 

It is apparent from comparing the standard deviations of the regression 
S of equations 1, 2, and 3, and 6, 7, and 8, that it is reduced progressively 
as the effects of temperature and the weight of the material in the sample 
container are considered. However, without replications which would have 
greatly increased the number of moisture determinations required, it was 
not possible to determine any statistically significant differences between 
the various values of S with the data available. However, it is probable 
that, had a number of independent estimates of S been available for both 
parchment coffee and green coffee, statistical evidence of differences would 
have been shown. 

The values of S, that is 0.77 for green coffee and 0.58 for parchment 
coffee, associated with equations 3 and 8 compare very favorably with 
similar values obtained by other workers using different meters and mate- 
rials when the much greater range over which the determinations were 
made are considered. Representative values of S obtained with Canadian 
hard red spring wheat over the range of 11 to 17 percent of moisture, 
determinations being made by the oven method for six dielectric meters, 
varied from 0.35 to 0.50 percent (/2). It should again be noted that the 
statistical significance between standard errors of estimate S cannot be 
computed from a single study and, therefore, it is not possible to say what 
would represent a significant difference between two different standard 
errors of estimate. 

As the value of V, the number of observations used to determine each 
regression equation, is shown, as well as the value of the standard error Sy 
for the extreme values encountered, it is possible to make fiducial state- 
ments about the corresponding values of any y at any desired probability 
level by referring to an appropriate ‘‘t’’ table. 

Equations 4A, 4B and 4C and 9A, 9B, and 9C show the relationship 
between changes in Kappa moisture-meter readings due to change in the 
ambient temperature for coffee parchment and green coffee beans. 

The corresponding correlation coefficients of Z and W are shown in 
each instance and are highly significant. Equations 4C and 9C are the 
expressions used to correct the Kappa moisture-meter readings to 80° F. 
and used to establish regressions 2, 3A, 7 and 8A. It can be shown from 
regression 4A that a temperature change of 5° F. would cause the meter 
reading to change by 58.42 units which represent 0.54 percent m.c.w.b. for 
coffee parchment. The corresponding figure for green coffee is a change of 
meter reading of 74.81 units, corresponding to a moisture content of 0.39 
percent m.c.w.b. Therefore, if considerable variations in ambient tempera- 
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ture occur when meter readings are being made, erroneous and misleading 
results may be obtained unless temperature effects are taken into considera- 
tion. 

Equations 5 and 10, respectively, show the relationship between the 
weight of material in the sample container and the moisture content of 
parchment and green coffee. The coefficient of correlation is significant in 
each case at the 1-percent level. It is positive in the first instance and 
negative in the second. It is to be assumed that, as the moisture content 
of green coffee is reduced, there is a proportionally greater shrinkage. This 
matter is only incidental to this study and should be further investigated. 

iquation 5, showing the relationship between the weight of a unit 
volume, the useful volume of the sample container, and the moisture con- 
tent of parchment coffee, is of considerable interest. It is surprising that 
there is such a close relationship between the unit volume weight of parch- 
ment coffee and its moisture content. Calculating the fiducial limits asso- 
ciated with values of y,¢ for the extreme values observed of the weight of 
material in the sample container gave the following results: An observed 
value of x3; = 403 gm. gave a calculated value of yiq = 8.26 percent m.c.w.b. 
This corresponding value determined by the Dean and Stark method was 
5.2 percent m.c.w.b. Corresponding values for 7; = 555 gm., and the maxi- 
mum value observed resulted in a calculated value of yiag = 40.18 m.c.w.b., 
corresponding to a determined moisture content of 37.4 percent m.c.w.b. 
The fiducial limits associated with the predicted values of moisture con- 
tent at the 5- and 1-percent confident limits respectively are: 


Minimum value (8.126) + 1.07 percent and + 1.43 percent 
Maximum value (40.18 percent) + 1.80 percent and + 2.40 percent 


It is apparent that the values determined at the extremes of the range 
considered, and especially at the lower end, tend to be high. It is possible, 
however, that this relationship might be found sufficiently close if further 
investigations were undertaken to form the basis of a method of moisture 
determination sufficiently accurate to be used to control the operation of 
small on-the-farm artificial driers for parchment coffee. 

A consideration of the number of variables involved in accurately deter- 
mining the moisture content of either coffee parchment or green coffee 
with a Kappa moisture-meter shows that it would be quite laborious to 
make the calculations indicated by equations 3 and 8 each time it was 
necessary to determine the moisture content of a sample. In fact, if the 
moisture is to be determined from one variable only, that is the meter 
reading, there would still be difficulties in quickly converting this reading 
to moisture content from the regression equation. This, of course, can be 
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overcome, if only a single variable is being considered, by using some type 
of conversion scale or chart. 
If, however, the moisture content is to be determined from the Kappa 
meter readings, the weight of the sample and the ambient temperature, 
probably the most convenient way of quickly determining the moisture 
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Fig. 5.—A 4-variable addition-type alignment chart for determining the moisture 
content of parchment coffee if the Kappa moisture-meter reading, the weight of the 
material in the sample container (grams), and the ambient temperature (°F.) are 


known. 


content is by the use of an alignment chart or nomogram (6). The four- 
variable addition-type alignment chart is one of the simpler types to con- 
struct (5) and is suitable for obtaining solutions to equations 3B and 8B. 
Figure 5 shows the alignment chart for rapidly providing solutions to equa- 
tion (3B). 

It is unlikely that the linear regressions obtained for Kappa moisture- 
meter, Serial No. 7755 would be applicable to other meters of the same 
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kind. However, if additional moisture-meters for coffee parchment and 
green coffee should be required, they could be calibrated against meter No. 
7755 rather than by the more tedious primary methods. This instrument 
is now installed in the laboratories of the Agricultural Engineering Depart- 
ment of the University of Puerto Rico at Mayagiiez, and it can be made 
available for the purpose of standardizing further instruments when neces- 
sary. Its calibration will be checked periodically against the Dean and 
Stark Method. 


SUMMARY 


1. It is necessary for all those concerned with the production, processing, 
and handling of seedlike products such as coffee parchment and green 
coffee to have available a method for the rapid and simple determination 
of moisture content. 

2. A review of the literature indicates that much work has been done on 
the moisture determination of the seed of commerce of the Temperate 
regions, but little information exists concerned with the moisture deter- 
mination of coffee. 

3. As an initial step in setting up a program to investigate methods of 
coffee-processing it was necessary to establish a quick, simple, and accurate 
method of moisture determination. Investigations by others indicated 
that the Kappa moisture-meter, manufactured by Messrs. Kappa Moisture 
Meter Ltd., U. K., was probably the most suitable instrument available’ 
for this purpose. 

4. It was decided to use a distillation method as the primary means of 
establishing the relationship between the moisture content of the material 
and the meter reading. It was found that it was not only necessary to deter- 
mine the meter reading but also the weight of the sample and the ambient 
temperature if reliable results were to be obtained. 

5. The Kappa moisture-meter was calibrated both for coffee parchment 
and green coffee over the widest possible range of moisture contents likely 
ever to be encountered. 

6. All the results were statistically evaluated. It was found that, if the 
weight of the sample and the ambient temperature were taken into con- 
sideration, the standard deviation from the regression or the standard error 
of estimate for both parchment and green coffee were very comparable to 
similar values obtained for other dielectric moisture-meters used for mois- 
ture determination in wheat over a much more limited range. 

7. It was found that the range of the Kappa moisture-meter was suffi- 
cient for the entire range of moisture contents considered. The divisions 
on the meter scale were also found to be adequately spaced, so that all 
readings could be made with sufficient accuracy. 
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8. It was observed that there was a very close relationship between the 
weight of a given volume of moderately compacted coffee parchment and 
its moisture content. This relationship could perhaps form the basis of a 
cheap, simple way for roughly evaluating the moisture content of parch- 
ment coffee which would be sufficiently accurate for farm use. 

9. It was considered that the most convenient method of determining the 
moisture content from the Kappa meter-reading, the sample weight, and 
the ambient temperature, is by means of a four-variable addition-type 
alignment chart or nomogram. 

10. Though the linear regression equations established for Kappa mois- 
ture-meter, Serial No. 7755, are unlikely to be applicable to other moisture- 
meters of the same type, additional meters required can be calibrated from 
this original meter instead of by more tedious primary methods. 


RESUMEN 

1. Es necesario que todos los que tengan que ver con la produccidn, 
industrializacién y manejo de un producto, tal como café verde y en perga- 
mino, cuenten con un método rapido y sencillo para determinar su con- 
tenido de humedad. 

2. Un repaso de la literatura indica que mucho se ha hecho en cuanto a 
la determinacién de humedad de semillas comerciales de las regiones 
templadas, pero aparece poca informacién sobre este aspecto concerniente 
al café. 

3. Como paso inicial en el comienzo de un programa de investigacién de 
métodos para industrializar el café, fué necesario establecer un método 
rapido, sencillo y exacto para determinar la humedad. Otras investigaciones 
han indicado que el medidor Kappa para humedad, manufacturado por la 
firma Kappa Moisture Meter Ltd. U. K., era lo mds apropiado para este 
proposito. 

4. Se decidid usar un método de destilacién como base para esta- 
blecer la relacién entre el contenido de humedad del material y la lectura 
obtenida por el instrumento. Se encontré que no era tan sélo necesario 
determinar la lectura del medidor, si que también el peso de la muestra y la 
temperatura ambiental, si se deseaba obtener resultados confiables. 

5. El medidor Kappa se calibré tanto para café en pergamino como para 
café pilado, cubriendo el mas amplio aleance de variacién en contenido de 
humedad que pudiera encontrarse. 

6. Se evaluaron estadisticamente todos los resultados. Se encontré que 
si se consideraban el peso de la muestra y la temperatura ambiental, la 
desviacién standard de la regresién o el error standard del estimado para 
café pergamino y verde eran muy comparables a valores similares obtenidos 
de otros medidores dieléctricos de humedad usados para la determinacién 














l 





92 JOURNAL OF AGRICULTURE OF UNIVERSITY OF PUERTO RICO 


de humedad en trigo, dentro de un aleance de variacién mucho mas limi- 
tado. 

7. Se encontr6é que el alcance del medidor Kappa era suficiente para el 
aleance completo de los contenidos de humedad considerados. Las divisiones 
de la escala del medidor se encontraron que estaban espaciadas adecuada- 
mente y de tal manera que todas las lecturas podian hacerse con suficiente 
exactitud. 

8. Se observé que hubo una relacién muy estrecha entre el peso de un 
volumen dado de café en pergamino, moderadamente compacto, y su con- 
tenido de humedad. Esta relacién quizis podria formar la base de una 
manera barata y sencilla para evaluar aproximadamente el contenido de 
humedad del café en pergamino con suficiente exactitud para uso en la finea. 

9. Se considera que el método mas conveniente de determinar el con- 
tenido de humedad de la lectura del medidor Kappa, del peso de la muestra 
y de la temperatura ambiental es mediante el uso de un tipo de carta grafica 
de alineacién 0 nomograma con cuatro variables de adicién. 

10. Aunque las ecuaciones de regresién linear establecidas por el medidor 
de humedad Kappa, serie 7755, noson aplicables a otros medidores de hume- 
dad del mismo tipo, si se requieren medidores adicionales, éstos pueden 
valibrarse segtin el medidor original, en vez de hacerlo mediante métodos 
primarios que son mas tediosos 


LITERATURE CITED 


1. Anderson, J. A., and Aleock, A. W., Storage of Cereal Grains and Their Products, 
Amer. Assn. of Chem., Minnesota, U.S., 1954. 
. Barton, Lela V., and Goenaga, A., An electrical moisture meter for the deter- 
mination of moisture in coffee beans, Contributions from Boyce Thompson 
Institute, 16 461-8 1952. 
3. Bidwell, G. L., and Sterling, W. F., Preliminary notes on the direct determina- 
tion of moisture, Ind. Eng. Chem. 17 147-9 1925. 
4. Cook, W. H., Hopkins, J. W., and Geddes, W. F., Rapid determination of mois- 
ture in grains, Can. Research, 2 410-47 1934. 
5. Davis, D. S., Nomography and Empirical Equations, 145, Reinhold Publishing 
Corporation, New York, N. Y. 1955. 
6. Davis, R. J., and Hall, C. W., Graphical presentation of mathematical equations, 
Agr. Eng. J. 36 385-8 1954. 
. Dean, E. W., and Stark, D. S., A convenient method for the determination of 
water in petroleum and other organic emulsions, Ind. Eng. Chem. 12 486 1920. 
8. Determination of Moisture Content, The Kappa Method and Applications. 
Kappa Moisture Meter Ltd., Rickmansworth, Herts., England. 

9. Goto, Baron Y., and Fukunaga, Edward T., Coffee Harvesting and Processing for 
Top Quality Coffee, Ext. Cire. 358, University of Hawaii, 1956. 

10. Haarer, A. E., Modern Coffee Production, 246-56, Leonard Hill (Books) Ltd., 
London, England, 1956. 

11. Hall, Carl W., Drying Farm Crops, 73, Agricultural Consulting Associates, Inc., 

Reynoldsburg, Ohio, U.S. 1957. 


to 


~I 
































12. 


13. 


MOISTURE IN PARCHMENT COFFEE AND GREEN COFFEE BEANS 193 


Hlynka, I., Martens, V., and Anderson, J. A. A., A Comparative study of ten 
electrical meters for determining moisture content in wheat, Can. J. Res., 
27F 382-97 1949. 

Ives, Norton C., Coffee-Drying Studies, Development of a Counter-Flow Con- 
tinues Dryer for Washed Coffee, Inter-American Institute of Agricultural 
Sciences, Field Service Unit, Turrialba, Costa Rica, 1953. 


. Llewelyn, D. A. B., Coffee Drying, Report to the Coffee Board of Kenya on In- 


vestigations 1955-56, Nairobi, Kenya, 1956. 


. Operation Instructions for the Kappa Moisture Motor, AB/55, 7 Kappa Moisture 


Meters Ltd., Rickmansworth, Herts., England. 


j. Schwartzman, G., Report on moisture in coffee, Assn. Office Agr. Chem. J., 30 


648-52 1954. 


. Snedecor, G. W., Statistical Methods, p. 111, The Iowa State College Press, 


Ames, Iowa, U.S.A., 1946. 


. Storing Coffee Seed, Trop. Agr. (Trinidad) 18 25 1941. 
. Zeleny, Lawrence, Methods of Grain Moisture Determination, Agr. Eng. J., 35 


352-6 1954. 














The Influence of Fertilizers on 


Cigar-Filler Tobacco Quality 


George Samuels! 


INTRODUCTION 

Cigar-filler tobacco is a quality crop. That is to say, the farmer is paid 
not only for how many pounds of tobacco he can produce per acre, but also 
for the grade of quality of the tobacco he produces. The prices paid for cured 
tobacco vary from 44 cents for highest quality, Class I, to 13 for lowest 
quality, Class VI°. With such a wide price range, it makes it well worth- 
while for the farmer to try to obtain as high a quality as possible in his 
tobacco harvest. 

The tobacco farmer is extremely interested in any factor which can favor- 
ably influence the quality grading of his tobacco. We know that soils, 
weather, variety, time and method of harvesting, and fertilizers can in- 
fluence tobacco quality. Unfortunately, the farmer has little control over 
some of these factors. However, one which he can control is the fertilizing 
of his tobacco. He thus becomes concerned with the following questions: 
Does too much fertilizer give high tobacco yields, but poor quality? Can 
certain fertilizer elements help increase the quality of the tobacco crop 
even if it will not be of value in increasing yields of tobacco? 

It is the purpose of this paper to answer these and other questions con- 
cerned with the influence of fertilizers on the quality of cigar-filler tobacco 
in Puerto Rico. 

PROCEDURES 

The data for this study were taken from the fertilizer experiments on 
tobacco reported in a previous publication (5)*. Three crops of the Aibonito 
experiment on a Juncos clay were selected for the influence of major-ele- 
ment fertilizers (N-P205-K2O) on tobacco quality and one crop of the Ca- 
guas experiment on a Caguas clay was selected for the influence of various 
nitrogen-fertilizer sources on tobacco quality. 

In all experiments, the dried leaves were classified, using the standard 


1 Agronomist, Agricultural Experiment Station, University of P. R., Rfo Piedras, 
P. R. The author wishes to thank P. Landrau, Jr., S. Alers-Alers, and C. Gonzdlez 
Molina, who did the original field work; F. Gonzdlez-Vélez for help in the price calcu- 
lations; M. Manzano for his work in the nicotine analyses, and A. Amy for his advice 
on tobacco prices and grading. 

2 Prices based on 1958 loan rate of farm delivery weight of cured tobacco. 

3 Italic numbers in parentheses refer to Literature Cited, pp. 206-7. 
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grades for Puerto Rican cigar-leaf tobacco (U.S. Type 46), as designated 
by the Tobacco Division, Agricultural Marketing Service, U.S. Department 
of Agriculture. The classified air-cured tobacco was then weighed. The cash 
value of each treatment was calculated from the sum of the products of the 
yield of each standard grade and the price per pound of each grade. The 
relationship between the standard grade and its price class is given in table 


TABLE 1.—Classtfication of cured cigar-filler tobacco (U.S. 
Type 46) and prices (cents) for various grades, 1951-68 




















U.S. Are : nites Price 
Grade Grade description Equivalent grade in Spanish Class ohana 
CIF Choice medium-bodied | Medio fino I| 44 
stripper , 
Cir Choice heavy stripper Calidad mediana I} 44 
CIM Choice and fine stripper | Manojo 1 y 2 I| 44 
C2F | Fine thin stripper Pie superior I} 44 
C2P | Fine heavy stripper Corona larga I} 44 
C3F Good thin stripper Pie II | 36 
C3P Good heavy stripper Corona corta Il | 36 
C3M do. Manojo 3 II} 36 
C3T Good thin stripper Tripa II} 36 
C3S Slightly stained Superior ligeramente manchado II} 36 
XIF Choice thin filler Pie inferior o regazo fino III | 25 
XIP Choice heavy filler Corona inferior o regazo calidad III | 25 
X2F Good thin filler Boliche fino superior IV | 20 
X2P Good heavy filler Boliche calidad superior IV | 20 
X2PT | Good heavy short filler Boliche calidad corto Vi 16 
X3F Materially injured thin | Defectuoso fino V| 16 
| filler 
X3P | Materially injured heavy | Defectuoso pesado V! 16 
| filler 
X38 | Stained filler Manchado V| 16 
X4 Badly injured filler Defectuoso inferior verde VI| 12 
¥E Trashy filler Rabia VI| 12 





1. Also calculated was the average price received per pound of tobacco for 
the various treatments. This was calculated by dividing the cash value per 
acre of the cured tobacco by the total pound-yield per acre of tobacco pro- 
duced. 

rom the Caguas experiment the weighed and cured tobacco was fer- 
mented and then cigars were made from that grown under the various fer- 
tilizer treatments. The cigars were smoked in a smoking machine designed‘ 


4The smoking machine was designed and used by M. Manzano, Assistant Bio- 
chemist at this Station. 
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to imitate the intermittent smoking of human smokers. With the help of a 
water syphon, suction was applied to the cigars for a period of 8 seconds, 
followed by a pause of 20 seconds while the syphon was filling up again for 
the next draw. The weight of tobacco burned in a period of 30 minutes was 
recorded. The color of the ash produced was evaluated by comparison to 
an arbitrary scale of colors by which 1 designated pure-white ash and 12 
black cigar ash. For each treatment, 18 cigars were utilized—3 each of the 
6 replications. 

Nicotine analyses were made from the fermented tobacco of the first crop 
of the Aibonito experiment. Total nicotine was determined by the Keller 
method (4). The free nicotine in the tobacco was determined by the pH 
method (/). 


RESULTS 
MAJOR-ELEMENT FERTILIZERS 


Nitrogen 


There was a definite increase in the quality of the tobacco produced when 
nitrogen fertilizer was used. The use of 50 pounds per acre of nitrogen gave 
an increase of $290 per acre as compared to no-nitrogen fertilizer being ap- 
plied (see table 2). Of course, this would be expected, inasmuch as the 50- 
pound-per-acre nitrogen treatment had increased yields of cured tobacco 
almost 6 hundredweights per acre. However, as seen in the last column of 
table 2, the price of the tobacco increased from 30 to 38 cents per pound. 
This indicates that the applied nitrogen improved the quality of the to- 
bacco so that tobacco produced by the 50 pound-nitrogen-per-acre treat- 
ment averaged 8 cents more per pound because of higher classification 
grades than did the tobacco receiving no nitrogen. Checking back into the 
various Classification grades, it was found that under the no-nitrogen treat- 
ment, 75 percent of the tobacco classified in the highest price classification 
and 10 percent in the lowest; whereas, when 50 pounds of nitrogen per 
acre were used, 82 percent was in the highest classification and only 4 per- 
cent in the lowest. 

Further nitrogen applications, above 50 pounds per acre, did not cause 
significant increases in yields of tobacco nor in price paid per acre or pound. 
Although price increases per pound of tobacco grown were not significant, 
it is interesting to note that increasing nitrogen applications up to 150 
pounds per acre did not decrease the quality of the tobacco. It should be 
remembered that these increasing nitrogen applications were all accom- 
panied by ample applications of phosphate and potash fertilizers. 
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TaBLE 2.—The influence of fertilizers and soil amendments on the yield and price of 







































































cured tobacco, Aibonito experiments, mean of 3 crops, 1951-54 
| Fertilizer treatments in pounds per — | ‘dik stoi Seti adaeieias Price of cured 
| N P20s | K20 tobacco per acre tobacco per acre pound 
Nitrogen (N) 
: | _ | eis | Cut. Dollars Cents 
o |; 100 | 150 | 7.79 229.81 30 
50 | 100 | 150 | 13.66 519.08 38 
100 100 150 14.49 584.61 39 
150 | 100 | 150 14.71 603.11 41 
Phosphorus (P2035) 
150 | 0 | 150 10.97 427 .83 39 
150 50 | 150 13.91 542.49 39 
150 | 100 | 150 14.71 603.11 41 
Potassium (K20) 
100 =| 100s 0 13.68 547.20 40 
190 =— | 100s 50 | | 14.62 599.42 41 
150 | 100 | 100 | 14.61 569.79 39 
150 | 100 | 150 | 14.71 603.11 41 
Soil amendments 
100 100 | 150 14.49 584.61 39 
100 100 | 150 
plus 1,000 lb of lime 16.67 733.48 44 
100 | 100 | 150 
plus 2,000 Ib. of lime 16.22 697 .46 43 
100 | 100 150 
plus 300 Ib. of magnesium oxide | 14.25 612.75 43 
| 
Least significant differences needed between treatments: 
Ria ss A Ret —— ) 
5-percent level 2.40 91.14 3.8 
1-percent level 3.12 120.90 5.0 


Phosphorus 











Increases in the price of cured tobacco per acre was obtained with the use 
of 50 pounds of P.O; per acre (table 2). This was in keeping with the in- 
crease in yield of tobacco per acre also obtained with the use of the 50 











198 JOURNAL OF AGRICULTURE OF UNIVERSITY OF PUERTO RICO 


pounds of PO; per acre. However, no increase in the price of cured tobacco 
per pound was obtained, which indicated that phosphate fertilizers in- 
creased yields of tobacco, which, in turn, gave more money per acre to the 
farmer, but tobacco quality was not influenced significantly by their use. 

No further significant increases in yields or price per acre or per pound 
of tobacco were realized when 100 pounds instead of 50 of P.O; per acre 
were used. 


Potassium 


Neither yields of cured tobacco nor price per acre or pound were signifi- 
cantly increased by using potash fertilizers on the three experiments at 
Aibonito on a Juncos clay. For Puerto Rico, the tobacco fertilizers used 
have relatively high potash analyses. The two grades approved for use with 
tobacco are a 6-8-10 or 8-6-10. Higher quantities of potash in relation to 
nitrogen or phosphates have been justified locally on the assumption of need 
of potash to produce “better quality’. It appears that, at least for the 
Juncos clay, ample potash is present in the soil to give both good yield and 
quality. The use of rates of up to 150 pounds of K;0 per acre did not in- 
crease the quality of the tobacco. With no potash the average price per 
pound was 40 cents and with 150 pounds of K,O per acre it was 41 cents 
(see table 2). 


SOIL AMENDMENTS 


The use of 1,000 pounds of limestone almost produced significant in- 
creases in yields of cured tobacco per acre (table 2). It, in turn, gave signifi- 
cant increases in the price received per acre for this tobacco as compared 
to no liming. But this increase in money received was due not only to the 
increased yields, because the quality of the tobacco also increased with the 
use of lime. The unlimed tobacco averaged 39 cents per pound, whereas 
lime increased this to 44 cents per pound—an average increase of 5 cents 
per pound of cured tobacco because of liming. The use of 2,000 pounds of 
limestone instead of 1,000 did not increase quality any further. 

Magnesium oxide did not increase yields of tobacco significantly, but it 
did increase its quality. The use of 300 pounds of magnesium oxide per 
acre increased the price per pound of the cured tobacco from 39 to 43 cents. 


SOURCES OF NITROGEN 

The source of nitrogen used did not appreciably influence the quality of 
the tobacco as reflected in its price per pound, which varied from 39 to 43 
cents (table 3). Ammonium sulfate, the accepted nitrogen source in use in 
Puerto Rico, was among the nitrogen sources which gave the highest yields 
per acre as well as the best price per pound of tobacco. Such nitrogen 
sources as calcium cyanamide, urea, and filter-press cake gave poor yields, 
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but quality as reflected in price paid per pound was not lowered signifi- 


cantly. 


TaBLE 3.—The influence of source of nitrogen on the yield and price of cured tobacco 
per acre, Caguas experiment, 1954 
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. ‘ Price of 
; Nit Yield of cured | Price of cured J 
Sources of nitrogen 7 . moog a per .. — t obacco per 
Inorganic 
| Percent |  Cwt. | Dollars | Cents 
Ammonium sulfate | 20 12.54 | 541.18 43 
Ammonium nitrate | 33 11.82 500.86 42 
Ammonium sulfate nitrate | 25 12.48 542.08 43 
Calcium ammonium nitrate 20 11.42 486.53 43 
Calcium cyanamide 18 5.16 218.62 42 
Calcium nitrate |} 15 11.78 503 .55 43 
Potassium nitrate | 14 11.34 467.71 41 
Sodium nitrate | 16 11.37 488 .32 43 
Urea | 46 8.62 350.03 41 
Organic 
| 
Castor pomace | 5 11.40 482.05 42 
Cottonseed meal | 7 12.29 522.37 43 
Filter-press cake | 2 10.45 411.26 39 
Mixtures 
1¢ ammonium sulfate plus 14 cottonseed — 12.15 511.62 42 
meal 
4g urea plus 14 cottonseed meal —_ 11.05 457 .86 41 
1¢ urea plus 14 ammonium sulfate plus — 12.01 520.58 43 
1g sodium nitrate 
Control 
No nitrogen | 0 | 10.87 439.04 | 41 
Least significant difference needed between | 
treatments: 
5-percent level 1.94 119.17 | 6.1 
RATE OF BURNING OF CIGARS 


Table 4 presents the influence of the various nitrogen sources and other 
treatments on the relative rate of burning of cigars made from tobacco of 


the Caguas experiment. 


The rate at which cigars burned when made from tobacco fertilized with 
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ammonium sulfate was assigned a value of 100, all other nitrogen-source 
influences on burning rate being compared to this value. Values below 100 
are associated with a slower burning cigar tobacco and above 100 with 
faster burning tobacco. Values below 80 suggest very poor combustion. 

Castor pomace and cottonseed meal, two natural organic nitrogen ferti- 
lizer sources, produced relative rates of burning higher than found for 
ammonium sulfate. Filter-press cake, an organic nitrogen source obtained 
as a byproduct from the sugarcane factories, had a burning rate of below 
100 (table 4). 

All nitrogen sources carrying calcium, such as calcium cyanamide, cal- 
cium ammonium nitrate, and calcium nitrate, produced tobacco that burned 
at rates of 100 or above. The only other inorganic source to have a relative 
burning rate above 100 was sodium nitrate. 

The lowest burning rates were obtained from the cigars made from the 
urea- and sulfo-mag-fertilized tobacco, whereas the highest rate was ob- 
tained with tobacco fertilized with a mixture of 14 urea plus 14 cottonseed 
meal. 

No fertilizer at all gave tobacco with a relative burning rate of 89; 
whereas, no-nitrogen-fertilized tobacco burned at almost the same rate as 
when ammonium sulfate was used—99 as compared to 100. 

Liming and minor-element mixtures did not increase the burning rate 
of the cigars (table 4). 


COLOR OF CIGAR ASH 


The color of the ash of the cigars made from tobacco fertilized with vari- 
ous nitrogen sources and other treatments are given in table 4. An arbitrary 
scale of colors was used in which | was pure-white cigar ash and 12 a black 
cigar ash. 

Cigar smokers prefer a white ash; and it has been claimed that Puerto 
Rican cigar-filler tobacco tends to produce a dark ash. The regular nitrogen 
fertilizer for cigar tobacco in Puerto Rico is ammonium sulfate, and its 
color of cigar ash was rated 9.3 (table 4) which is a dark grey ash. Values 
less than 9.3 would be preferred as indicating a whiter cigar ash. Tobacco 
fertilized with calcium ammonium nitrate produced the whitest ash, 5.8. 
The color of this ash was a greyish-white, much lighter than the ammonium 
sulfate cigar ash, but still not the really creamy-white cigar ash that is pre- 
ferred by discerning cigar smokers. 

Urea and no fertilizer gave the next whitest cigar ashes. No other treat- 
ments used produced any significantly whiter ash when compared to the 
9.3 of the cigars made from ammonium sulfate-fertilized tobacco. 
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TaBLE 4.—The influence of various fertilizer treatments on the relative rate of burning 
and color of the cigar ash, Caguas experiment, 1954 























Fertilizer treatment! | ag eg of | Color ‘ee 
| 
No fertilizer | 89 6.5 
No nitrogen | 99 7.8 
Ammonium sulfate | 100 9.3 
Ammonium nitrate 93 8.8 
Ammonium sulfate nitrate 88 9.5 
Calcium ammonium nitrate 105 5.8 
Calcium cyanamide 106 7.5 
Calcium nitrate 100 8.3 
Potassium nitrate | 92 | 9.0 
Sodium nitrate 110 7.8 
Urea 78 6.5 
Castor pomace 114 9.5 
Cottonseed meal | 102 9.0 
Filter-press cake 92 7.8 
'¢ ammonium sulfate plus !4 cottonseed meal 112 9.5 
14 urea plus 14 cottonseed meal 116 9.3 
'¢ urea plus 14 ammonium sulfate plus !4 sodium | 97 | 8.5 
nitrate | | 

Lime at 1 ton (CaCO;) per acre 99 8.5 
Gypsum at 1 ton per acre 93 | 10.3 
FTE* at 100 pounds per acre | 90 10.0 
Sulfo-mag® | 84 7.5 
Least significant difference needed between treatments: 

5-percent level | 25 | 2.1 

1-percent level | 34 2.7 





| All treatments received 100 lb. each of N and P.O; and 150 lb. of K2O per acre, 
except where noted. 

2 Rate of burning defined as the weight of cigar ash produced after 30 minutes of 
smoking. Ammonium sulfate treatment was rated as 100 in converting weights to 
relative values. 

3 The arbitrary scale of colors was devised with 1 for pure white cigar ash and 12 
for black ash. 

‘ Fritted trace elements, a relatively insoluble powdered glass containing Mn, Fe, 
Zn, and Mo. 

5 A double sulfate of potash and magnesia containing not less than 21 percent of 
K.O and not less than 53 percent of magnesium sulfate. 


NICOTINE CONTENT 
The total nicotine contents of the tobaccos fertilized with various levels 


of N-P2O5-K.O are given in table 5. 
The application of increasing amounts of nitrogen fertilizer increased the 
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total nicotine content of the tobacco from 0.72 to 0.96 percent with none to 
100 pounds of nitrogen per acre. For unknown reasons the use of 150 | 


TaBLE 5.—The influence of fertilizer treatments on the total nicotine percentage and the 


percentage of total nicotine in free form of cigar-filler 
tobacco, first crop, Aibonito experiment, 1951-52 





Fertilizer treatments in pounds per acre of— 





Total nicotine, dry- 
weight basis 


Total nicotine in free 
form, dry-weight basis 





























N P200 K:0 
Nitrogen (N) 
0 100 150 0.72 16 
50 100 150 .90 20 
100 100 150 96 17 
150 100 150 74 34 
Phosphorus (P2035) 
150 0 150 1.06 13 
150 50 150 .92 14 
150 100 150 74 34 
Potassium (K20) 
150 | 100 0 1.11 25 
150 | 100 50 95 30 
150 100 100 .93 23 
150 100 150 74 34 
Soil amendments 
100 | 100 | 150 0.96 17 
100 100 | 150 
plus 1,000 lb. of lime 83 16 
100 100 | 150 
plus 2,000 Ib. of lime 1,32 7c 
100 | 100 | 150 
plus 300 lb. of magnesium oxide .90 10 
100 | 100 | 150 
plus 35 lb. borax .87 18 








pounds of nitrogen per acre decreased this to 0.74 percent. The nicotine in 
free form tended to increase with increasing nitrogen application, including 
the 150-pound nitrogen rate (table 5). Increases in nicotine are normally 


associated with increased nitrogen applications (4). 


The omission of a phosphate fertilizer caused an increase in the nicotine 




















FERTILIZERS AND CIGAR-FILLER TOBACCO QUALITY 203 


content of the tobacco. The nicotine content decreased as phosphates were 
applied. No phosphates produced tobacco with a total nicotine content of 
1.06 percent as compared to 0.74 percent when 100 pounds of P.O; per acre 
was applied. 

The use of increasing amounts of potash fertilizers tended to lower the 
total nicotine content of the leaf. Highest nicotine values for all treatments 
were found associated with the no-potash treatment and values decreased 
with increasing potash applications (table 5). Free-nicotine values were not 
consistently correlated with the size of potash applications. 

The use of 2,000 pounds of lime per acre produced the highest total nico- 
tine content of the entire experiment, 1.32 percent (table 5). Yet, the use 
of 1,000 pounds of limestone gave no increases in nicotine as compared to 
the no-lime treatment. The free nicotine, however, was lowest with 2,000 
pounds of lime per acre, and increased with the 1,000 pounds of lime per 
acre. 

Neither magnesium oxide nor boron as borax produced any appreciable 
change in the nicotine content of the tobacco when applied to the soil. 


DISCUSSION 


Let us return again to the questions concerning the influence of fertilizers 
on cigar-filler tobacco quality in light of the results from our experiments. 
Does too much fertilizer give good yields, but produce poorer grades of to- 
bacco? The results indicate that higher yields do not lower tobacco quality. 
In fact, for nitrogen, increasing yields accompanied increasing quality as 
measured by the price paid per pound of tobacco. It should be remembered 
that tobacco is grown only for its leaf. Any nutrient deficiency severe enough 
to prevent good growth will usually produce leaves which are of inferior 
quality as to size, color, and thickness (3, 6). 

Can certain fertilizer elements increase the quality of the tobacco when 
used at rates in excess of that needed for optimum yields of tobacco? The 
answer to this appears to be no, in light of the results obtained from the ex- 
periments performed. Nitrogen, phosphates, and potash fertilizers did not 
produce higher quality tobacco when used at rates greater than needed for 
significant yield increases. This fact is shown graphically in figure 1. But 
nitrogen both increased yield and the price-per-pound value of the tobacco. 
More than 50 pounds of nitrogen per acre failed to increase either yield or 
price per pound. 

Phosphates increased yield but did not produce any marked increase 
in the price per pound of tobacco. Potash failed to increase yield or the 
quality of the tobacco, at least as evaluated by the price per pound. 
This finding seems at odds with the popular concept of the farmers that 
potash is needed for quality even when not for yields. Bowling and Brown 
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Fig. 1 
Fic. 1.—Influence of fertilizers (N-P20;-K.O) on relative increases in yield per 
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(2) obtained significant increases in price per pound of Maryland tobacco 
when the yield per acre did not increase significantly. Yet, it appears that 
sufficient potash was present in the Juncos clay to provide all that was neces- 
sary for maximum crop yield and quality. 

The use of lime and magnesium oxide produced increases in yields short 
of significance, but quality, as judged by price per pound of tobacco, did 
increase significantly. So that the responses in yield and quality of tobacco 
to soil amendments were not the same as to the major fertilizer elements. 

The relationship between yield and quality of tobacco, as influenced by 
the fertilizers used in the experiments analyzed herein, cannot be regarded 
as applicable to all commercial tobacco-growing in Puerto Rico until further 
work is done using other tobacco soils. 


SUMMARY 


The influence of fertilizers on cigar-filler tobacco quality, as judged by 
price per pound, was investigated, using three crops of a major-element 
fertilizer (N-P,O;-K2O) experiment at Aibonito on a Juncos clay and a 
source-of-nitrogen experiment at Caguas clay. The results obtained were as 
follows: 

1. The use of 50 pounds per acre of nitrogen increased the quality of the 
tobacco significantly when compared to the no-nitrogen treatment. 

2. Rates up to 150 pounds per acre of nitrogen did not increase signifi- 
cantly either yield or quality of tobacco per acre over the 50-pound-per-acre 
nitrogen treatment. However, the quality of the tobacco was not reduced 
by the high nitrogen applications. 

3. Phosphates and potash failed to increase the quality of the tobacco. 

4. Lime and magnesium oxide increased the quality of the tobacco. 

5. The other sources of nitrogen used failed to increase the quality of the 
tobacco, as far as price per pound was concerned, beyond the price of the 
tobacco produced with ammonium sulfate. 

6. The burning rates of cigars made with tobacco fertilized with various 
nitrogen sources showed urea to give the slowest rate of burning, and a 
mixture of urea and cottonseed meal the most rapid. Ammonium sulfate as 
a nitrogen source was about intermediate between these. 

7. The nicotine content of the tobacco increased with applications of 
nitrogen up to the 100-pound-per-acre level. Phosphate and potash applica- 
tions tended to lower the nicotine content of the tobacco leaf. 

8. A discussion of the influence of fertilizers on quality of the tobacco is 
presented to aid the farmer in his use of fertilizer to increase tobacco quality. 
Warning is also given that these relationships on the relation between yield 
and quality of tobacco cannot be regarded as applicable to all commercial 
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tobacco-growing in Puerto Rico until further work is done on other tobacco 
soils. 
RESUMEN 

Se investigé el efecto de los abonos sobre la calidad del tabaco en rama 
para tripa. Se usaron los datos de tres cosechas de un experimento que se 
sembr6 en Aibonito en suelo Juncos arcilloso, abonado con elementos ferti- 
lizantes mayores (N-P20;-K:O) y de otro sembrado en Caguas en suelo 
Caguas arcilloso, abonado éste con distintos fertilizantes nitrogenados. 

Los resultados fueron los siguientes: 

1. El uso de 50 libras por acre de nitrégeno aumenté significativamente 
la calidad del tabaco cuando este tratamiento se compar6 con el que no lle- 
vaba nitrégeno. 

2. Las aplicaciones de nitrégeno, hasta 150 libras por acre, no aumenta- 
ron significativamente los rendimientos ni la calidad del tabaco sobre los 
del tratamiento con 50 libras de nitrégeno por acre. Sin embargo, la calidad 
del tabaco no se redujo con las mayores cantidades de nitrégeno aplicado. 

3. Ni los fosfatos ni la potasa aumentaron la calidad del tabaco. 

4. La cal y el magnesio aumentaron la calidad del tabaco. 

5. Las distintas fuentes de nitrédgeno usadas no aumentaron la calidad 
del tabaco lo suficiente para influir sobre el precio del producto sobre el 
que se logré con las aplicaciones de sulfato aménico. 

6. La capacidad de quema del tabaco abonado con distintos abonos ni- 
trogenados demostr6 que el tratado con urea tardé6 mas en quemar y que 
el abonado con una mezcla de urea y pulpa de semilla de algodén fué el que 
mas rapidamente quemaba. La capacidad de quema del tabaco abonado 
con sulfato aménico quedé en término medio entre los tabacos abonados 
con urea y con la mezcla de urea y pulpa de semilla de algédon. 

7. El contenido de nicotina aumenté con las aplicaciones de 100 libras 
de nitrégeno por acre. Hubo la tendencia de las aplicaciones de fosfatos y 
potasa a bajar el contenido de nicotina en la hoja de tabaco. 

8. Se discute el efecto de los fertilizantes sobre la calidad del tabaco y 
el uso que el agricultor puede darle a esta informacién para mejorar la cali- 
dad de su producto. 
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Description and Cytology of a Form of Signal 
Grass (Brachiaria brizantha Stapf.) and 
its Agronomic Behavior Compared 
to Guinea Grass (Panicum 

maximum Jack.)' 


A. Sotomayor-Rtos, J. Vélez-Fortuno, R. Woodbury, 
K. F. Schertz, and A. Sierra-Bracero* 
INTRODUCTION 

Signal grass (Brachiaria brizantha), a widely utilized forage crop in the 
Eastern Hemisphere, is practically unknown in the Western Tropics. It is 
a perennial grass native to Africa. a form of which, Puerto Rico P.I. No. 
1525, was introduced from Ceylon to this Station in 1956. 

Bogdan (2)° in East Africa reported that Signal grass is very variable; 
he also mentioned that several varieties show striking differences in habit, 
morphology, and seed-setting capacity. 

Only this form has been introduced at this Station. During the prelimi- 
nary evaluation it showed desirable characteristics and potentialities of 
becoming a valuable forage crop in Puerto Rico. It has proved to be ag- 
gressive, competes quite satisfactorily with other species, and quickly cov- 
ers the ground. It is highly resistant to drought and recovers well from close 
cuttings. Anker-Lagefoged (/) in Ceylon, reported the outstanding success 
of Signal grass. He mentioned also that the introduction of this grass has 
revolutionized the grassland farming there and noted various qualities that 
make Signal grass unique in Ceylon. A very interesting one of these is that 
B. brizantha grows well under shade. He proposed that this grass should 
also be planted in coconut lands and in the dry forests. 

Observations in field plots‘ in various regions throughout the Island of 
Puerto Rico indicate that this grass grows better and yields higher when 
planted on acid rather than on alkaline soils. 

1 Joint Contribution from the Agricultural Experiment Station of the University 
of Puerto Rico, Rio Piedras, P. R., and the Federal Experiment Station, U.S. De- 
partment of Agriculture, Mayagiiez, P. R. Photos of figures 2, 3, and 4 by Dr. Julio 
Bird of the Phytopathology and Botany Department, Rio Piedras Station. 

2 The first three authors are: Research Assistant in Plant Breeding; Head, De- 
partment of Plant Breeding; and Taxonomist; Agricultural Experiment Station of 
the University of Puerto Rico, respectively. The last two authors are: Plant Genet- 
icist, USDA, ARS, Federal Experiment Station, Mayagiiez, P. R., and Research As- 

sistant in Agronomy, Agricultural Experiment Station of the University of Puerto 
Rico at Rio Piedras. 

3 Italic numbers in parentheses refer to Literature Cited, p. 220. 

4 Personal communication to the senior author by Dr. L. Rivera Brenes, Head, 
Animal Husbandry Department, Agricultural Experiment Station. 
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The above observations led to more intensive studies, the results of which 
are presented in this paper. The main objectives of the study were to make 
a field description, study the cytology of this grass, and compare its agro- 
nomic behavior to that of Guinea grass (Panicum maximum). 

Guinea grass was selected as the check plant for testing this introduction 
since it is well known to be one of the most important forage grasses in 
Puerto Rico and widely used elsewhere in the Tropics. Any forage grass 
which compares well with Guinea grass can be thought of as a promising 
forage grass for our tropical conditions, provided its palatability is accept- 
able. 

MATERIALS AND METHODS 

The field description of Signal grass was made from plants obtained from 
the grass collection established at the Agricultural Experiment Station, 
Rio Piedras, P. R. 

Studies of its cytology were undertaken in cooperation with the Federal 
Experiment Station at Mayagiiez, P. R. The chromosome number was de- 
termined from root-tip smears in aceto-orcein. Microsporocyte smears were 
made in aceto-carmine, and pollen was stained in IKI solution. 

The agronomic comparison of Signal grass with Guinea grass was carried 
out at the Gurabo Substation for a period of 530 days. The experiment was 
conducted on a Mabi clay with a pH of 4.5. The design was a randomized- 
block with six replications. Each plot was 10 x 20 feet. Both grasses were 
planted vegetatively. 

The experiment was planted on April 22, 1958, and the first cutting was 
made on June 24, 1958. From there on, the grasses were harvested at ap- 
proximately every 60 days until October 2, 1959. Weights of green forage 
were obtained after each harvest. A sample of green forage was taken from 
ach plot at each harvest and analyzed for dry matter and total nitrogen. 
Samples were composited for the last three cuttings and the composites 
were analyzed separately for calcium, phosphorus, potassium, magnesium, 
and liginin. 

A total of 380 pounds of nitrogen per acre yearly was applied as am- 
monium sulfate and applications of phosphorus and potassium were made 
at rates of 150 pounds of P.O; from 20-percent superphosphate and 200 
pounds of KO from KCl per acre yearly, distributed in equal applications 
after each cutting. 


EXPERIMENTAL RESULTS 
FIELD DESCRIPTION OF SIGNAL GRASS 


Signal grass is a fast-growing plant having a densely matted growth habit 
(fig. 1) and flowers throughout the year. The slender creeping stems, which 
root at the nodes (fig. 2), reach a length of 2 m. or more. 
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The ascending linear lanceolate leaves are 10 to 20 cm. long and 1 to 2 
cm. broad; the tips are gradually reduced to an accuminate apex, the 
rounded truncate base is slightly reduced; the margin is serrulate with as- 
cending hispid hairs developed from a narrow white scleroid margin. The 
blades and sheaths are softly setuloseciliate. 

The flowering culm (fig. 3) is glabrous except in the loosely pilose in- 
florescence containing 2 to 4 distant, usually ascending racemes. The basal 





Fic. 1.—A general view of a plot of Signal grass at the Gurabo Substation. 


one, however, is sometimes divergent. The culm is terminated by a panicle 
of two to four, but usually three racemes, one terminal and two lateral, 
which are slightly reduced in length toward the apex (fig. 3). The lateral 
racemes have a length of 6 to 10 em. and contain 20 to 30 spikelets, while 
the terminal raceme is only 3 to 6 cm. long and contains 16 to 25 spikelets. 
The ascending spikelets (fig. 4) which are secundly arranged in two indis- 
tinct rows along a rachis are usually paired, elliptic-obovate, and have a 
length of 5 to 6 mm. and are 1.8 to 2 mm. wide. The rachis is glabrous ex- 
cept along the margins where it is ciliate with setulose hairs. 
The first glume is glabrous, 2 mm. long, acute to obtuse, and 9-nerved; 
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the second glume is setuloseciliate above the middle, 5 to 5.5 mm. long, 
acutely purple-tipped, (fig. 4) and 7-nerved; the sterile lemma is glabrous 
or with a few setuloseciliate hairs near the apex, 5.5 to 6 mm. long, and faintly 





Fig. 2.—A close-up of a plant of Signal grass showing creeping type of stems which 
root at the nodes. 


5-nerved; the indurate fertile lemma and membranous palea are slightly 
shorter than the spikelet, glabrous, and obtusely acute. 


CYTOLOGICAL STUDY 


A study of root-tip smears showed that this introduction had 36 chromo- 
somes (fig. 5A). This number is the same as that reported by Nath and 
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Swaminathan (7), but differs from an earlier report of 54 by Moffett and 
Hurcombe (6). 

The literature discloses no information on the breeding and reproductive 
behavior of Signal grass. Bogdan (3) and Brown and Emery (4) suggested 
that this grass reproduces apomictically. Bogdan (2) attributed the poor 
seed production of this grass mainly to the weather conditions at the time 
of flowering and to diseases and pests. No diseases have been observed in 
our field plantings. Seed formation was very sparse in our plots of a total 
of 259 florets examined, only 15 percent developed karyopses. 





Fic. 3.—A close-up of three culms of Signal grass showing variation in the number 
of racemes and hairiness of culms. 


When the pollen was stained in IKI solution only 14 percent stained com- 
pletely. Since meiotic irregularities could have produced the low percentage 
of viable pollen obtained, a study of microsporogenesis was undertaken. 
Meiosis in microsporocytes was irregular. Lagging univalents were observed 
in 69 percent of the anaphase I cells (fig. 5B). The laggards divided and 
often formed micronuclei (fig. 5C). The mean number of micronuclei per 
spore quartet was two, and only i6 percent of the spore quartets appeared 
normal. 


AGRONOMIC COMPARISON 


The total yields per acre and protein contents of Signal and Guinea grasses 
during each cutting are presented in table 1. The data show variations on 
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Fic. 4.—A close-up of a raceme of Signal grass showing the purple apex of the 
second glume and the secund arrangement of spikelets. 
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the part of both grasses for the various periods when they were harvested 
at approximately 60 days. Both grasses made their lowest production dur- 
ing the harvest made in April. 

The annual production per acre of Signal and Guinea grasses at the 
Gurabo Substation is presented in table 2. No significant differences in yield 
were observed between the two species. The mineral content of Signal grass 





Fic. 5.—A, A smeared root-tip cell of Signal grass with 36 chromosomes; B, lag- 
ging univalents at anaphase I; C, microspore quartet with micronuclei. See p. 215 for 
B and C. 


compared favorably with that of Guinea grass in this experiment, except 
that calcium and magnesium were definitely higher in Guinea grass (table 
3). Vicente Chandler et al. (8) found that the calcium content of Guinea 
grass was also higher than that of Napier grass (Pennisetum purpureum) 
and Para grass (Panicum purpurascens). 

The data in table 3 show the mineral and lignin content of Guinea and 
Signal grasses under the conditions of this experiment. All values are com- 
posites of six replications and are averages for the last three cuttings. 
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Fia. 5B 








Fia. 5C 
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TaBLE 1.—Yields and protein contents of Signal and Guinea grasses for each cutting 
during the 530-day period at the Gurabo Substation 





























Signal grass Guinea Grass 
Cutting ate j Spa 7 
No. Yields Yields, | - | Yields Yields : 
D sys - |Prot ’ ; + |Prot 
Se ee |e ee | ee | ee 
LN pea. | Bb/A. | Percent | L6./A.| Lb/A. | Lb/A. | Percent | Lb./A. 
1 June 24, 58 13 ,242 | 3,681 6.72 247 | 16,727 | 4,487 Ce 320 
4 Aug. 21, 58 15,377 | 4,312 | 10.35 446 | 16,183 | 4,356 8.65 377 
3 Oct. 11, 58 9,365 | 1,732 | 14.01 243 6,316 | 1,106 17.12 189 
4 Dec. 10, 58 11,565 | 2,544 | 10.89 277 9,540 | 2,121 | 14.91 316 
5 Feb. 8, 59 19,602 | 5,336 | 12.16 649 9,910 | 2,204 14.84 329 
6 Apr. 8, 59 2,679 980 7.93 78 5,009 | 1,657 8.74 145 
7 June 5, 59 31,429 | 7,209 | 12.60 908 | 34,042 | 9,017 | 12.76 |1,150 
8 Aug. 3, 59 15,311 | 4,835 | 10.62 513 | 17,446 | 5,249 | 11.60 | 609 
9 Oct. 2, 59 29 ,033 | 7,579 9.25 701 | 32,191 | 8,037 9.43 | 758 
Total 147,603 38,208 4,062 |147,364 |38,234 4,193 





TABLE 2.—Annual acre-yields and crude-protein contents of Signal and Guinea grasses 
when grown at the Gurabo Substation for a period of 530 days 








Cneniee Yield of green forage | Yield of dry matter Crude-protein Crude-protein yield 
se 6 per acre yearly per acre yearly content per acre yearly 
Lb. Lb. Percent Lb. 
Signal grass 98 , 598 25, 523 10.63 2,713 


Guinea grass 98 , 438 25,540 10.96 2,801 








TaBLE 3.—Comparison of the mineral and lignin contents of Signal and Guinea grasses 
as grown at the Gurabo Substation and harvested approximately every 60 days 








Component Signal grass Guinea grass 
Percent Percent 
Phosphorus | 0.14 0.09 
Potassium 1.12 1.12 
Calcium 24 55 
Magnesium 65 .84 
Lignin 7.42 8.55 





The lignin content of Signal grass was 7.42 percent, whereas it was 8.55 
for Guinea grass. The small difference in lignin content which favors Signal! 
grass may indicate more in terms of animal digestibility, than in those of the 
chemical analysis. 
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EFFECT OF THE SEASON OF THE YEAR 


It is well-known that forage production decreases during the dry months. 
Vicente Chandler et al. (8) reported that the season of the year had a 
marked effect on forage production largely as a result of rainfall. 
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Total yield: Guinea Grass 38234; ave. 4,248 Ib. 
Signol Gross 38,208; ave. 4245 Ib. 
Total rainfall 115.68 in. 


Fic. 6.—Effect of the season of the year and rainfall on yields of Guinea and Signal 
grasses cut approximately every 60 days at the Gurabo Substation. 


Figure 6 shows the effect of the season and rainfall during the growing 
period on the forage production of Signal and Guinea grasses. Signal grass 
seemed to be less affected during the dry months, from October to April, 
than Guinea grass. It appears that Signal grass is more drought-resistant 
than Guinea grass, although, in order to arrive at more definite conclusions, 
more research is desirable. 
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DISCUSSION 

Various workers have indicated that, in general, there is a wide variation 
in Signal grass (B. brizantha) especially in its habit of growth, which shows 
varying degrees of creeping to erectness and bunchiness of stems. The num- 
ber and size of racemes, pubescence of stems, leaves, and inflorescence are 
also quite variable in the different forms. 

The somatic chromosome number of this form of Signal grass was found 
to be 36. Chromosome numbers of 54 and 36 are reported in the literature 
(6, 7). This variation in chromosome number, and also the fact that other 
workers in East Africa reported that there exist many forms of Signal 
grass, indicates that further cytological studies may turn up more varia- 
tion in chromosome number. 

Only 15 percent of the florets examined developed karyopses. Although 
Bogdan (2) attributed the poor seed production of Signal grass mainly to 
the weather conditions at the time of flowering, and to diseases and pests, 
it appears that the degree of abnormal behavior of chromosomes from the 
observations at microsporogenesis noted is a contributing factor of great 
importance in the low seed-set obtained on this form. 

When Signal grass was compared to Guinea grass at the Gurabo Substa- 
tion, and both grasses were harvested at approximately 60-day intervals, 
they both produced about 49 tons of green forage per acre yearly. This 
amount (about 13 tons of dry matter) is sufficient to satisfy the forage re- 
quirements of about 3.5 mature cows or steers, assuming a daily consump- 
tion of 20 pounds of dry matter per day per animal. Higher yields can be 
obtained comparable with those secured from Guinea grass by other workers 
under higher fertilization and proper management. 

The slightly variable mineral content of the two grasses under this ex- 
periment seemed to be of little significance. The calcium and magnesium 
contents of Signal grass were apparently lower than those of Guinea grass. 
The phosphorus and potassium contents were almost the same for the two 
grasses under study. There was a small difference in favor of Signal grass 
in regard to the lignin content. 

Under the growing conditions prevalent at the Gurabo Substation during 
the course of the experiment herein reported Signal grass was apparently 
more drought-resistant than Guinea grass. 


SUMMARY 


The somatic chromosome number of a form of Signal grass (Brachiaria 
brizantha Stapf.), Puerto Rico P.I. No. 1525, introduced from Ceylon, was 
found to be 36. Only 15 percent of the florets studied developed karyopses. 
The meiotic behavior of chromosomes at microsporogenesis was irregular. 
Frequent lagging univalents at anaphase 1 and micronuclei in the spore 
quartets may account for the low seed-set of this form. More improvement 
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of this character is expected in Signal grass through further research in 
genetics and by the introduction of more forms and varieties. 

A field description of Signal grass is given. Signal grass was compared to 
Guinea grass (Panicum maximum Jack.) as to agronomic behavior. It 
showed desirable characteristics, besides yielding the same as Guinea grass, 
one of our best forage grasses, when both grasses were tested at the Gurabo 
Substation for a period of 530 days. 

The mineral content of the grasses under this experiment was comparable, 
but calcium and magnesium were definitely higher in Guinea grass. The 
lignin content of Signal grass was lower than that of Guinea grass; this 
difference, although small in favor of Signal grass, may have more impor- 
tance in terms of animal digestibility than the chemical analyses indicate. 

The results obtained in relation to yielding ability and drought-resistance 
of this form of Signal grass are very encouraging. As the palatability of this 
grass has been found to be comparable to that of Napier grass®, which is 
the standard grass used for palatability tests at this Station, it may be ex- 
pected to occupy in due time a very important place as a forage crop 
throughout the Island of Puerto Rico, especially in the drought areas. 


RESUMEN 


Se encontré que el ntimero somatico de cromosomas de una forma de la 
yerba Signal, (Brachiara brizantha Stapf), Puerto Rico P.I. No. 1525, im- 
portada de Ceylan, es de 36. Solo el 15 por ciento de las florecillas estudiadas 
desarrollaron cariopsis. El comportamiento meidtico de cromosomas du- 
rante la microsporogénesis fué irregular. Frecuentes univalentes retardados 
en la anafase 1 y micronticleos en los cuartetos de esporas, puede que tengan 
que ver con la escasa semilla que se produce. Un mejoramiento de este 
caracter de la yerba Signal se espera lograr por medio de mds estudios 
genéticos y por la introduccién de mas formas y variedades de esta yerba. 

Se hizo una descripcién de campo de la yerba Signal. Esta yerba se com- 
par6é con la yerba de Guinea, (Panicum maximum Jack), en cuanto a su com- 
portamiento agronémico. Demostré tener caracteres deseables y rendimien- 
tos similares a los de la yerba de Guinea, que es una de nuestras mejores 
yerbas forrajeras, en un experimento llevado a cabo en la Subestacién de 
Gurabo, el cual duré 530 dias. 

El contenido mineral fué comparable en ambas yerbas, excepto en cuanto 
a calcio y magnesio, los cuales fueron definitivamente mas altos en la yerba 
de Guinea. El contenido de lignina fué mas bajo que en la yerba de Guinea. 
Esta diferencia, aunque pequefia y a favor de la yerba Signal, puede ser 
de mds importancia en términos de digestibilidad animal que lo que los 
andlisis quimicos indican. 

Los resultados obtenidos en relacién a los rendimientos y resistencia a la 


5 The Animal Husbandry Department of the Agricultural Experiment Station. 
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pare 


sequia son halagadores. Si esta yerba resulta ser de buena palatabilidad, 
podria ocupar un sitio destacado como yerba forrajera para todo Puerto 
Rico y especialmente, para aquellas dreas que sufren de sequias perddicas. 


or 


~J 
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Exchanger and in Attapulgite Clay' 


Gilberto Garcia Monge* 
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Cation-Exchange Equilibria in a Carboxylic Cation 


Base exchange, or in more modern terminology, cation exchange, has 
been the subject of much scientific investigation, most of which was carried 
out with clays. In 1845, the Englishman Thompson (/5)* found by experi- 
ment that, when soil was mixed with ammonium salts and then leached with 
water, a great part of the ammonia remained in the soil. Thompson dis- 
cussed his experiments with Thomas Way, who was then consulting chemist 
of the Royal Agricultural Society and who at once appreciated the sig- 
nificance of the results. Way investigated the base exchange so thoroughly 
that for a whole decade it was not followed by other comparable work. In 
his first paper, published in 1850, Way reported a large number of experi- 
ments. He formulated eight laws of base exchange. He showed that the 


total absorption and base exchange are caused by the compounds of silicic 
acid with aluminum. At this time nothing was known of the law of mass 


action, which was discovered later by Guldberg and Waage (15). 


achieved by Folin and Bell (/0) in the determination of ammonia in urine. 
It was found that ammonia was absorbed when the solution was shaken 
with a synthetic zeolite, whereas the interfering substances remained in 
solution. The principle of column operation was introduced into analytical 
chemistry by Whitehorn (14), who used a synthetic zeolite as a reagent for 


| 
| The first practical application of ion exchange for analytical purposes was 


| amines. 


A comprehensive knowledge of the laws governing the distribution of 
| ions between the solution and the ion exchanger would facilitate consider- 
| ably the selection of the most suitable conditions in which to employ differ- 

ent exchangers for various analytical and technical purposes. Among the 
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the degree of Master of Science. 
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most important of these properties are the relative affinity coefficients, or 
selectivity coefficients, which also have been called ‘concentration equilib- 
apparent equilibrium constants.” With two ex- 


1 Abstract of a thesis submitted to the faculty of the Graduate School of the Uni- 
versity of Missouri, Columbia, Mo., in partal fulfillment of the requirements for 


2 Research Assistant in Chemistry, Agricultural Experiment Station, University 
of Puerto Rico, Rfo Piedras, P. R. The author wishes to express his sincere apprecia- 
tion to Dr. C. E. Marshall for the kind advice given during this investigation. 
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changeable ions, the difference in affinity is manifested by a difference be- 
tween the ratio of the amounts of the two ions on the exchanger and in the 
solution in equilibrium. The ease and efficiency of separations by ion-ex- 
change chromatography is determined by the relative affinities of the ions 
concerned. Thus a knowledge of the relative affinities of different ions for 
various resins should be of immediate practical value, while at the same time 
providing a better insight into the nature of the ion-exchange process and 
the structure of the resin. 

Aside from ionic-exchange chromatography, selectivity coefficients may 
have importance in soil studies and in some industrial problems. The fixa- 
tion of fertilizers added to the soil is a classical problem of applied ionic 
exchange. 

In these studies the term ‘“‘selectivity number’ 
selectivity coefficient or relative affinity coefficient. 

The present study was undertaken with the purposes of: 

1. Determining the selectivity number for a series of monovalent cations 
in both a resinous cation exchanger and a clay mineral. 

2. Determining the selectivity number for a series of divalent cations in 
a resinous cation exchanger and a clay mineral. 


’ 


will be used instead of 


REVIEW OF LITERATURE 


Wiegner (15, 16), in 1931, investigated cation exchange from the stand- 
point of colloid chemistry. According to Wiegner, cation exchange is an 
adsorption reaction and not an ordinary chemical reaction. 

Lowen, et al. (6), in 1952, investigated exchange systems on Dowex 50, 
involving the ions Nat, H+, NH,*+, Tl+++, Ni++, and Ca++ in solutions of 
total ionic strength of approximately unity. The effect of the nature of the 
anion in solution on the exchange equilibria was found to be negligible. In 
every exchange system studied, the apparent equilibrium constant was 
found to vary regularly with the equilibrium resin composition. 

Spinner, et al. (11), in 1954, said that the observed variation in the relative 
affinity or equilibrium quotient of ion-exchange resins prepared by the 
sulphonation of polystyrene have been considered on the implicit assump- 
tion that all the sulfonic groups are identical. In order to test the hypothesis 
of the significant departure of equilibrium quotients due to nonidentity of 
sulphonic groups, they prepared monomers with different reactivity ratios 
from styrene-divinylbenzene. They concluded that cross-linking and ca- 
pacity were insufficient to characterize a resin of the polystyrenesulfonic 
type. Variation in the detailed structure was suggested as a possible ex- 
planation for the variation of the equilibrium quotients. 

Wiklander (16), in 1946, using the Donnan equation and assuming that 
the volume of the micellar solution remains constant, computed the ex- 
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change constant for Wofatit K. The k values for the K+-NH,+, Nat-NH,", 
Lit-NH,* changed but slightly, despite the fact that the concentration ratio 
used varied between 9:1 and 1:9. The slight differences in k values were 
attributed to differences in activity coefficients. 

Bauman and Eichhorn (1), in 1947, arrived at the same equation and 
same conclusion as derived from the mass action law by treating exchange 
equilibria as a Donnan distribution of two salts between an aqueous phase 
and the resin phase. They were the first to propose that the resinate should 
be regarded as a concentrated electrolyte solution having an activity coeffi- 
cient similar to that in ordinary solutions. 


DONNAN THEORY AND EXCHANGE REACTIONS 


Thése studies involve the measure of the selectivity number based on 
the Donnan Theory (2, 12). W. Ostwald appears to have been the first to 
direct attention to the interesting electrical and other effects which must 
arise in a system consisting of two solutions of electrolytes separated by a 
membrane which is permeable to most of the species of ions present, but is 
impermeable to at least one species. Some years later, Donnan, realizing 
the importance of the phenomenon, proceeded to develop a simple thermo- 
dynamic theory for this unequal distribution of ions which he called Don- 
nan Equilibrium. After the appearance of the first work on the Donnan 
Equilibrium other works appeared that demonstrated the existence of the 
equilibrium. 

On extending the Donnan theory (5, 10) to the phenomenon of ion ex- 
change, the assumption is made that the colloidal micelle to which is at- 
tached the exchangeable ion is the nondiffusible ion. Although no membrane 
is encountered in ion-exchange equilibria, the interface between the solid 
and liquid phases may be considered as a membrane. Consider the reaction 
taking place between a carboxylic resin in the Na form and two neutral 
salts, e.g., NaCl, KCl. According to the Donnan theory the following two 
conditions must be obeyed: 


[Nat], [CI-]; 
[K+]: [Cl]: 


[Nat]: [Cll-s 
[IX+ ]o[Cl- ]o 


Dividing the two equations we obtain: 


[Nat]: _ [Na*], 1, side of the nondiffusible ion 
[K+], [K+], 2, outer solution 





For real solutions, activities should be substituted for concentrations. Then 
the above expression may be rewritten: 


[Na*hfna; ae [Na] fray 
[K*h fx, [K*}ofxs 
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When the law of mass action is applied the following formula results: | 
Naz [Na*} (K*], | 
KAs = =a]. ° TNtat (1) | 

[K*], [Nath 


In the derivation of equation 1 the assumption is made that at high dilu- 
tions the mean activity coefficient ratio of two electrolytes of the same 
valence type is unity. The value of “Kgs has been given different names, 
but in these studies the term selectivity number will be employed. 


MATERIALS AND METHODS 


To the knowledge of the author no work has been done on selectivity 
numbers which fulfills the following conditions: 

1. Sodium as standard for the comparison with other members of the alkali 
family (K+, Rb+, Cst). 

2. Magnesium as a standard for the comparison with other members of the 
alkaline earths (Ca++, Sr++, and Bat+). 

3. IRC-50 as a carboxylic type of exchanger of the resinous type and at- 
tapulgite clay mineral as a natural type of exchanger. 

4. Dilute solutions in the range of 10-? N to 10-7 N. 

5. Experimental determination of the selectivity number for different 
proportions of each pair of cations in solution. 

6. The technique used for these studies limits the systems to the two 
types of cations under investigation. The method is developed in such a 
way as to exclude the H+ from the system. 











EXCHANGE RESIN—DESCRIPTION AND PROCEDURE 


Cation-exchange resins are high polymeric cross-linked structures con- 
taining polar anionic groups whose charges are balanced by cations. The 
essential characteristic distinguishing the ion-exchange resin is its insolu- 
bility. The extent of swelling in water depends on the concentration of ac- 
tive groups as well as upon the extent of the cross-linking. All ion-active 
groups tend to solubilize the structure, while the cross-links prevent dis- 
solution. The result of these opposing forces is a limited swelling in water. 

The resin used in these studies was Amberlite IRC-50. Its exchange ca- 
pacity is derived from carboxylic groups. Supplied in hydrogen form, Am- 
berlite IRC-50 can be converted into the sodium salt by reacting with 
NaOH. In the sodium form the resin undergoes reactions typical of the salt 
of a weak acid and strong base. 

In the Nat+-K+ system the equilibria were defined in the following way: 
One gram of resin was weighed into each of 12 calibrated plastic tubes. A 
total of 100 m.e. of chlorides of Na+ and K+ was added in different propor- 
tions to give 0 to 100 percent of Nat in the system. The resin samples were 
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mixed thoroughly and allowed to come to equilibrium. After decantation, 
the outer solutions were analyzed for Na* and K*+, using a Perking Elmer 
Model No. 52A Flame Photometer. A mixture containing known concen- 
trations of Nat and K+ was analyzed for Nat and K+ and no interference 
of K+ on sodium or sodium in K+ was found on the mixture. 

After separation of the outer solution the resins were leached with 1 N 
NH,NO; and the filtrate collected into a 100-ml. volumetric flask. The 
leachates were analyzed in the way described above regarding Nat and K+. 
The chloride concentration was determined on each sample by the Mercurie 
Nitrate titration as outlined by Metson (8). The chloride concentration was 
in the vicinity of 10~-° N. This is in agreement with the Donnan theory, since 
the chloride is negatively adsorbed by the resin. 

lor the Na*-Cs* and Nat-Rb+ systems the technique used was the same 
as described for Nat-K+ system. Mixtures of known concentrations of 
Nat-Rb+ and Nat-Cs* were tested for interference at their respective emis- 
sion lines. No interference was observed. 

For the Mgt+-Cat+ system 0.5000 gm. of resin was weighed into each of 
12 calibrated plastic tubes. A total of 25 m.e. of Mg++ and Ca++ was added 
to provide from 0 to 100 percent of Mgt* in the system. The resins with the 
different percentages of Mg*+ and Ca** were mixed thoroughly and al- 
lowed to come to equilibrium. 

Calcium plus magnesium was determined by the Versenate titration as 
outlined by Metson (8). Calcium was determined using the Perkin Elmer 
Flame Photometer. A mixture containing known concentrations of Mg++ 
and Cat+ was analyzed for Ca++ on the flame photometer. No interference 
was observed since the emission line of Mgt+ could not be detected with 
the instrument. 

After separation of the outer solution the resins were leached with 1 N 
NH,NO; in the same way as described for Nat-K+ system. The leachates 
were analyzed as described above for the outer solution. 

For the Mgt++-Sr++ and Mg++-Bat+ systems the technique used was the 
same as described for the Mgt++-Cat+ system. The total concentration of 
Mgt+ plus Sr++ was determined by the Versenate titration as described by 
Martell and Calvin (7). Strontium was determined using the flame photom- 
eter. 

In the determination of Mg + Ba, using the Versenate titration, the 
end-point was not sharp. A modification similar to the one used by Crook 
and Yardley (13) was used for these titrations. Analytical difficulties were 
encountered at high concentrations of Ba++ on the flame photometer, prob- 
ably due to instability of the barium band. 

Under the experimental conditions adopted in these systems the meas- 
ured concentrations on the flame photometer are believed reliable in 1 p.p.m. 
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ATTAPULGITE CLAY—DESCRIPTION AND PROCEDURE 


The attapulgite clay mineral was used as supplied by Wards Natural 
Science Establishment. It is a hydrous aluminum magnesium silicate of the 
polygorskite group. Its structure as worked out by Bradley is as follows: 
The silica sheets are in a sense continuous, but the silicon atoms occur in 
strips arranged alternately on either side of the oxygen. The fourth valency 
of the silicon links the sheets with the alumina-Mg sheets which are in 
strips to correspond. The ‘‘a” axis of attapulgite corresponds to the ‘‘c” 
axis of micas. In attapulgite the main substitution is three magnesium for 
two aluminum atoms in the octahedral coordination. The adsorbed water 
lies in fixed channels running parallel to the amphibole chains and the ex- 
changeable cations likewise lie in these openings. The chemical analysis 
shows that the principal exchangeable ion is calcium, but Mg, K, and Na 
may be found in small amounts. 

One gram of the 40-mesh air-dry clay was weighed into each of 12 cali- 
brated plastic tubes. A total of 25 m.e. of Nat and K+ as chlorides was 
added to provide from 0 to 100 percent Na+. The clay samples with the 
different percentages of Na+ and K+ were mixed thoroughly and allowed 
to come to equilibrium. 

After centrifugation, the outer solutions were analyzed for Nat, Kt, and 
Cl- using the method described above for the resin. 

The clay phase was leached with 1 N NH,NOs, using the leaching tech- 
nique used for Na+-K+ system on the resin. The leachates were analyzed 
for Nat, K+, and Cl- by the method described above for the resin. 

The technique used for the Nat+-Rb+ and Nat-Cs* systems was that 
described above for the Nat+t-K+ system. The chemical analysis for Nat, 
Rbt+, Cst, and Cl- on the outer solution and leachates were also made as 
described for the resin. 

In the preparation of the Mgtt+-Cat++, Mgtt-Srt++, and Mgt+-Ba*++ sys- 
tems the technique followed was the same as for the Nat+-K+ system. The 
chemical analysis for Mg++, Cat+, Sr++, Ba++, and Cl- in the outer solu- 
tion and leachates were also made as for the resin systems. 


RESULTS AND DISCUSSION 


RESIN DATA 


The results of these studies, using IRC-50 with the alkali metals Nat, 
Kt, Rbt+ and Cst, showed no marked selectivity. The total cation concen- 
tration in the resin phase was in the vicinity of 1.7 m.e./gm. of resin. The 
resin phase may be considered to be a concentrated salt solution, whereas 
the outer solution is a dilute solution (10° * N). Hence the differences in the 
selectivity number (K,) may be attributed to the differences in the activity 
coefficients in the concentrated resin phase solution. 
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CATION-EXCHANGE EQUILIBRIA 


The results for the selectivity numbers of the Nat-K+, Nat-Rbt+, and 
Na*-Cat systems are shown in figure 1. 

These results suggest the following conclusions: 

In the region from 45 to 85 percent of Na°® in the resin, the selectivity 
numbers (K,) are in the order “eK, = ReK, < %3K,. This may be related 
to the activity coefficients for Na, K, Rb, and Cs in the resin phase. The 
percentages of Na in the resin are less than the percentages of sodium in 
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Fig. 1.—Influence of resinate composition (percentage of Na) on the selectivity 
number (K,) of IRC-50 for Nat-K*+, Nat-Rb+, and Nat-Cs* systems. 


the whole system. The percentages of sodium in the resin for the systems 
are in the order Na+-K+ = Nat-Rb+ system < Nat-Cst system. 

If the ionic equilibrium in an exchanger is expressed by the law of mass 
action as well as by the Donnan equilibrium, it should be possible to pass 
from the former into the latter. By deriving the law of mass action kineti- 
cally it is possible to show that the equilibrium constant must have a value 
of 1. Boyd, et al., (3), in 1947, found the same order of affinity for Na, Rb, 
and Cs, using the mass-action relationship. They also made a correlation 
between the selectivity number values and the parameter a° in the Deby] 
Huckel approximation for the activity coefficient. 
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The small differences in selectivity of this resin between the members of 
the alkali metal series were correlated with the fact that there also exist 
small differences in activity coefficient between the Nat, K+, Rb+, and Cst+ 
acetates in 1 N solutions. These values of activity coefficients range from 
0.76-0.80 for the 1 N solutions of the acetates. 

In the alkaline-earth series (Mgt+, Cat+, Sr++, and Bat+*) the resin 
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Fic. 2.—Influence of resinate composition (percentage of Mg**) on the selectivity 
number (K,) of IRC-50 for Mg*+-Cat*+, Mgt+-Sr*++, and Mg*+-Bat* systems. 


showed more selectivity between its members than between the members 
of the alkali series. 

The resin phase may be regarded as an ionic solution similar to the previ- 
ous straight-chain organic acids used to build up the resin structure by the 
process of polymerization. Methacrylic acid was used to build up the resin 
network in IRC-50. It has been suggested that the alkaline-earth cations 
may form slightly dissociated complexes with the carboxylic group. The 
properties of IRC-50 have been related to the polybasic carboxylic acids 
that exhibit sequestering ability for the alkaline-earth cations. 

The results for the selectivity numbers of the Mgt+-Cat+, Mgt+-Srt+, 
and Mg++-Bat++ systems are shown in figure 2. 

These results suggest the following: 
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1. The selectivity numbers for the Mgt+-Ca++, Mgt+-Srt+, and Mgt+- 
Bat+ systems are functions of the percentage of magnesium in the resin. 

2. In figure 2, the selectivity numbers increase in the order “ZK, < 
eK, < BK, in the region between 70 and 99 percent of Mg in the resin. 
The order is reversed with respect Mgt+-Cat+, and Mgt+t-Srt+ systems in 
the region from 5 to 69 percent of magnesium. The resin shows a marked 
selectivity for barium at low percentages of Mg on the resin. 

3. In the Mg**-Ca*+ system, magnesium appears more strongly held 
than calcium in the region between 30 and 56 percent of magnesium in the 
resin. In this region magnesium appears to form a stronger complex than 
calcium. 

These selectivity numbers may be understood by assuming the formation 
of slightly dissociated complexes with the carboxylic groups. At low per- 
centages of Ca, Sr, and Ba in the resin, the tendency to form complexes 
increases in the order Sr < Ca < Ba. At higher percentages the order is 
Ca < Sr < Ba. 


ATTAPULGITE CLAY MINERAL 


The selective-number curves for the alkali metals (Na, K, Rb, and Cs) 
in the clay mineral resemble those of a bifunctional cation exchanger. Cor- 
nay and Deul, (4), in 1956, studied the relative affinity coefficient in a 
mixture of Dowex 50 (sulfonate resin) with Amberlite IRC-50 (carboxylic 
resin) and, in Lewatit H-236, which contains carboxylic and sulfonic groups 
in the same structure. They obtained S-shaped ion-exchange curves. This 
was interpreted as being due to opposite selectivity for the two ions by the 
two acid groups. The curves had a pronounced flat part only for the mixture 
of exchangers. Lewatit H-236 did not show pronounced flattening of the 
curve. This was interpreted as being due to interaction of the acid groups 
of Lewatit H-236. 

It is known that, in the formation of the more important cation-exchange 
clays, the arrangement of the electronegative O= and OH~ ion and the elec- 
tropositive Sit+++, Al*+++, Fet+, and Mg** is such as to necessitate the ab- 
sorption of cations from the medium, in addition to those in the structural 
framework of the crystal lattice. By analogy with the work of Cornay and 
Deul one might regard the clay as being bifunctional in character. The fune- 
tional groups can be the balancing cations and OH~ located in the fixed 
channels of the crystal. 

The results for the selectivity number of the Nat-h+, Nat-Rbt, and 
Nat-Cs+ systems are shown in figure 3. 

These results suggest the following: 

1. The selectivity numbers for the Nat-K+, Nat-Rb+, and Nat-Cs* sys- 
tems are functions of the percentage of Na in the clay. 

2. The differences in selectivity are greater in the Na*+-Cst system than 
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in the Nat+-Rb+ system and, in the Nat-Rbt+ system, are greater than in 
the Nat-K+ system. A pronounced flat portion is not observed in the 
Nat-C,+ and Nat-Rbt systems, probably due to interaction between the 
exchange functional groups. 

3. The selectivity numbers follow the normal hydration series since they 
increase in the order “eK, < ReKs <tsKs. 
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Fic. 3.—Influence of clay composition (percentage of Na) on the selectivity num- 
ber (K,) of attapulgite for Na*-Kt, Nat-Rb*, and Na*-Cs* systems. 


Reichenbert, et al. (9), in 1951, determined the relative affinity coefficients 
x of Nat and H+ for a polystyrene sulfonate resin of a high cross-linkage. 
They found that Ky" decreased sharply with increasing Xpya , becoming 
less than unity at high values of Xana. Ky” was approximately unity for 
resins of low cross-linking, and was independent of mole fraction of Na in 
resin (Xpya) when it varied from 0.3 to 0.8. These results may be broadly 
understood in relation to swelling. In a high cross-linking resin the swelling 
is much less than in a low cross-linking one. If an exchanger is so swollen 
that cations can be just as hydrated within its pore as in the bulk of the 
solution it will not distinguish between different cations. Attapulgite is a 
rigid structure and may be compared to a high cross-linkage resin. Ions are 
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closer together in high cross-linkage, resembling a concentrated solution. 
In concentrated solutions there is more interaction between ions and in- 
dividual ion differences become more apparent. 

The differences in selectivity number are small for the alkaline-earth 
metals (Mg, Ca, Sr, Ba) as compared with those of the alkali metals. These 
differences may be explained on the basis of hydration, since the pores of 
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Fia. 4.—Influence of clay composition (percentage of Mg**) on the selectivity 
number (K;) of attapulgite for Mg*+-Ca**+, Mg*t*-Sr**, and Mgtt-Ba** systems. 


attapulgite are in a fixed size. The alkali metals being monovalent will be 
more abundant in the pore than the divalent alkaline-earth metals. The 
racancy left by the monovalent cations is occupied by H2O when the di- 
valent cations are in the pores. If the water content increases in the clay 
phase, possibly the hydration of cations also increases. The exchanger will 
not distinguish between cations that are just as hydrated within the pore 
as in the bulk of the solution. 

The results for the selectivity numbers of the Mg*t-Ca**+, Mgt+-Sr*+, 
and Mgt+-Ba*+ systems are shown in figure 4. 

These results suggest the following: 
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1. At a high percentage of Mg in the clay (80 to 97 percent) the selectiv- 
ity numbers (K;,) increase in the order GK, < “SK. < %2K.. The activity 
coefficients for Mgt*, Cat+, Sr*+*, and Ba** increase in the order Bat*+ < 
Srt+ < Catt < Mgt. 

2. At lower percentages of Mg (5 to 60 percent) the order is reversed with 
respect to Mg. The values of the selectivity numbers fall below unity, mean- 
ing that Mg appears more strongly held than Ca, Sr, and Ba. This suggests 
that there are other effects beside hydration which affect the entry of ions 
into the exchanger. It has been suggested by Wiegner (75), in 1931, that 
these effects are related to the solubility of the magnesium hydroxide. It 
has been established by infrared analysis of attapulgite that it contains OH 
in the lattice. Since magnesium hydroxide is less soluble than strontium 
hydroxide and barium hydroxide, the exchange by displacement will be 
more difficult the less soluble is the hydroxide. 

3. The S shape of these curves may be related to the polyfunctional 
nature of the clay. At low percentages of Ca++, Sr++, and Ba** in the clay 
the balancing cations dominate the affinity of the clay. At higher percent- 
ages of Ca++, Sr++, and Ba++, the OH- dominates the affinity of the clay. 
The results suggest less interaction between OH™~ and balancing cation 
groups. 

SUMMARY 


Selectivity numbers for a synthetic cation exchanger of the carboxylic 
type (IRC-50) and the natural cation exchanger, attapulgite clay mineral, 
were determined for different pairs of cations. 

The results in IRC-50 for Nat-K+, Nat-Rb+, and Nat-Cs+ systems 
showed no marked selectivity. The resin phase was considered to act as a 
concentrated salt solution. Hence, differences in the selectivity numbers 
(K,) were attributed to the differences in the activity coefficients in the 
concentrated resin-phase solution. 

In the alkaline-earth systems (Mg+t-Ca++, Mgt+-Srt+, and Mgt+-Bat++) 
the resin showed more selectivity between its members than between those 
of the alkali series. The selectivity numbers were functions of the percent- 
age of Mg in the resin. In the Mg++-Ca** system, Mgt* appeared more 
strongly held at low percentages of Mg, whereas in the Mg*++-Ba*+ system, 
Bat+ appeared more strongly held at all percentages of Mg in the resin. 
These results were explained on the basis of formation of slightly dissociated 
complexes of the alkaline-earth metals with the carboxylic groups of the 
exchanger. 

The results in attapulgite clay for the Nat-K+, Nat-Rbt, and Nat-Cst 
systems showed marked selectivity. The selectivity numbers were functions 
of the percentage of Na in the clay. The differences in selectivity were 
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greater in the Nat-Cst+ system than in the Na+t-Rb+ system and, in the 
Nat-Rbt+ system, greater than in the Nat+t-K+ system. The results were 
broadly understood on the basis of the bifunctional character of the clay. 

The differences in the selectivity numbers for the alkaline-earth metals 
in the clay (Mg, Ca, Sr, and Ba) are small as compared with those of the 
alkali metals. At high percentages of Mg in the clay (80 to 97 percent) the 
selectivity numbers increase in the order G£K, < “SK. < YK, ; at lower 
percentages of Mg (5 to 60 percent) the values of the selectivity number 
fall below unity, meaning that Mgt* appears more strongly held than Cat, 
Sr++ and Bat+. This suggests that there are other effects besides hydration 
which affect the entry of ions into the exchanger. 

In general, the resin behaved as a moderately strong electrolyte with re- 
spect to the alkali metals. It behaved like a weak electrolyte with respect 
to the alkaline-earth metals. 

Attapulgite clay behaved like a weak electrolyte with respect to both 
the alkali metals and alkaline-earth metals. The results of the selectivity- 
number curves for the clay resembled those of a bifunctional cation ex- 
changer and a high cross-linkage resin. 

RESUMEN 

Se determinaron los ntimeros de selectividad para diferentes pares de 
‘ationes en un intercambiante sintético de cationes del tipo carboxilico y 
en la arcilla atapulgita. 

Los resultados de la resina sintética para los sistemas Nat-K+, Nat+-Rbt, 
y Nat-Cs+ demostraron que la resina no tenia una selectividad marcada 
para ninguno de estos cationes. La fase de la resina se comporté como una 
solucién concentrada de sales. Por lo tanto, las diferencias en los ntimeros de 
selectividad (K,) fueron atribufdos a diferencias en los coeficientes de acti- 
vidad en la fase de la resina. 

En los sistemas de los alealinotérreos (Mgtt+-Cat+, Mgt+-Sr++, and Mgt+- 
Batt) la resina demostré mas diferencias en selectividad entre sus miembros 
que para los miembros de la serie de los Alealis. Los nimeros de selectividad 
son una funcién del porcentajede Mg en la resina. En el sistema Mgt++-Ca*+, 
Mgt+ aparece mas fuertemente atado en los casos de porcentajes bajos de 
Mg mientras que en el sistema Mgt*+-Bat+, Ba++ aparece mas fuertemente 
atado a todos los porcentajes de Mg en la resina. Estos resultados se expli- 
caron a base de que los alcalinotérreos forman complejos que se disocian 
muy poco con los grupos carboxilicos de la resina. 

Los resultados en la arcilla atapulgita para los sistemas Nat-Kt, 
Nat-Rbt, vy Nat-Ca*+ demostraron que habia una selectividad muy marcada 
para estos cationes. Los ntimeros de selectividad son una funcién del por- 
centaje de Na en la arcilla. Las diferencias en selectividad son mayores en 
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el sistema Nat+-Cs+ que en el sistema Nat+-Rbt y las del sistema Nat+-Rbt+ 
son mayores que las del sistema Nat+-K+. En general, estos resultados fueron 
interpretados a base del caracter bifuncional de la arcilla. 

Las diferencias en los ntimeros de selectividad para los alcalinotérreos 
(Mg, Ca, Sr, Ba) en la arcilla son pequefias comparadas con las de la serie 
de los Alealis. A porcentajes altos de Mg en la arcilla (80 a 97 por ciento) 
los ntimeros de selectividad aumentan en e! orden “2K, < “SK. < B8K;, 
pero a porcentajes bajos de Mg (5 a 60 por ciente) los valores del ntimero 
de selectividad son menores de uno, queriendo decir que Mgt+ aparece mas 
fuertemente atado que Ca++, Sr++, y Bat+. Esto sugiere que hay otros 
efectos, ademas del de hidratacién que afectan la entrada de los iones a la 
arcilla. 

En general, la resina se comporta como un electrolito moderadamente 
fuerte con respecto a la serie de los alcalis. Se comporta como un electrolito 
débil con respecto a la serie de los alcalinotérreos. 

La arcilla atapulgita se comporta como un electrolito débil con respecto 
a ambas series. Los resultados de las curvas de ntimeros de selectividad en 
la arcilla se parecen a las de un intercambiante sintético de cationes bifun- 
cional y a los de una resina de alto enlace cruzado. 
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Relation of Earliness to Some Plant Characters 
in the Tomato! 


Agripino Pérez Lépez* 
INTRODUCTION 

Very little has been learned about the actual mechanism of the inherit- 
ance of earliness in the tomato. One reason for this is the lack of a good 
criterion of earliness. As stated by Rick and Butler (/)* the main criteria 
of earliness have been comparison with the standard variety, the onset of 
the various growth phases being scored as days earlier or later than the 
standard, or the number of days necessary to complete a certain phase of 
growth, such as seeding to the first ripe fruit. This study was performed in 
the effort to add some information to our knowledge about earliness in the 
tomato. 


MATERIALS AND METHODS 

This experiment was performed at the Isabela Agricultural Experiment 
Substation, on a Coto sandy clay soil during the summer of 1959. Four 
tomato varieties (namely: Earliana, first early; Valiant, second early; 
Queens, midseason; and Rutgers, late) were included in a randomized 
complete-block design for this study. Each variety was replicated five 
times, with seven plants per replication. Enough seed of each variety were 
sowed on flats and the most uniform plants were selected at the time of 
transplanting. The plants were set to form a 5 x 3-foot lattice and were 
fertilized with a 9-10-5 commercial fertilizer at the rate of 1,200 pounds 
per acre. 

Information was recorded as follows: Rate of leaf production at weekly 
intervals during 6 weeks, node number at which the first consecutive four 
flower clusters appeared on the main stem, and percentage of the first four 
flowering branches originating four leaves below or above the position of 
the first flower cluster on the main stem. The letters MA, MB, MC, and 
MD are used in this study to denote the first, second, third, and fourth 
flower clusters, respectively, originating on the main stem. 

1 Contribution from the Isabela Agricultural Experiment Substation. 

2 Research Assistant in Horticulture, Agricultural Experiment Station, University 
of Puerto Rico, Rio Piedras, P. R. The author wishes to express his sincere gratitude 
to Dr. O. Shifriss, Associate Professor of Vegetable Breeding, New Jersey Agricul- 
tural Experiment Station, New Brunswick, N. J., for the suggestion of this problem, 
and to other members of the Isabela Agricultural Experiment Substation for the as- 
sistance and cooperation during the course of this study. 

3 Italic numbers in parentheses refer to Literature Cited, p. 250. 
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EARLINESS AND SOME TOMATO PLANT CHARACTERS Zab 


The first and the last plants of each replication were used to obtain the 
fresh and dry weight of five mature leaves, and of the entire plants. The 
stem diameter two leaves below the first inflorescence was measured when 
the plants were ready for the first fruit harvest. The yield was recorded in 
terms of number and weight of ripe fruits. 


RESULTS AND DISCUSSION 
DAYS FROM PLANTING DATE TO FIRST FRUIT HARVEST 


The mean number of days from planting date to the harvest of the first 
ripe fruits on the four tomato varieties was: 79.00, 73.40, 72.20, and 71.00 
for Rutgers, Queens, Valiant, and Earliana, respectively. There was no 
significant difference between Queens and Valiant or between Valiant and 
Earliana; however, there was a significant difference between Earliana and 
Queens in the nunber of days from planting to the first fruit harvest. The 
difference between Rutgers and the other three varieties was highly sig- 
nificant. (See figure 1.) The standard error and least differences required for 
significance between mean number of days required for the harvest of the 
first ripe fruit are presented in the following tabulation: 


Ttem 5-percent level 1-percent level 
Least significant difference between highest and 2.18 2.86 
lowest means 
Least significant difference between highest and 1.96 2.62 
2nd lowest 
Least significant difference between 2 adjacents 1.60 2.25 


Standard error 0.52 with 12 d.f. 
RATE OF LEAF PRODUCTION 

Varietal Leaf Production 

The rate of leaf production for the four tomato varieties is presented in 
table 1 and figure 2. Earliana, the first early variety, during any week 
period produced significantly more leaves than any of the other varieties 
studied. The total mean number of leaves produced during a 6-week period 
was: 7.06, 4.44, 4.23, and 3.47 for Earliana, Rutgers, Valiant, and Queens, 
respectively. The standard error and least differences required for sig- 
nificance between the mean number of leaves per variety are shown in the 
following tabulation: 


Item 5-percent level 1-percent level 
Least significant difference between highest and 2.53 3.09 
lowest means 
Least significant difference between highest and 2.30 2.88 
2nd lowest 
Least significant difference between 2 adjacents 1.92 2.54 


Standard error 0.68 with 92 d.f. 








The number of leaves of Earliana was highly significant over those of 
Rutgers and Queens. The difference between Earliana and Valiant was 
significant only at the 5-percent level. Comparisons among Valiant, Queens, 


80-4 


Number of Days 
3 




















To 


Fig. 1.—Mean total number of days required from sowing date to the harvest of 
the first mature fruits for 4 tomato varieties. 


TaBLE 1.—Mean number of leaves produced from the 2-leaf seedling stage, at weekly 
intervals during 6 weeks on the 4 tomato varieties studied 
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Leaves produced by variety indicated 
Week a Means 
Earliana | Valiant Queens Rutgers 

1 | 5.18 | 3.96 3.57 3.71 4.11 

2 3.40 2.60 2.43 2.54 2.74 

3 4.09 2.66 2.49 2.83 3.02 

4 5.06 2.14 1.99 2.06 2.81 

5 7.25 3.67 2.94 4.00 4.47 

6 17.40 10.35 7.37 11.49 11.65 
Means 7.06 4.23 3.47 4.44 4.80 

















and Rutgers did not show any significant differences. It appears that an 
“arly variety has a high physiological activity which enables it to produce a 
great number of leaves within a certain period of time. These results tend 





to indicate that the rate of leaf production can be used as a criterion to } 


measure earliness in this particular variety. 
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EARLINESS AND SOME TOMATO PLANT CHARACTERS 


Weekly Leaf Production 

Regardless of the variety, the total means for the weekly leaf productions 
(table 1) were: 11.65, 4.47, 4.11, 3.02, 2.81, and 2.74 for the sixth, fifth, 
first, third, fourth, and second week, respectively. During the sixth week 
highly significantly more leaves were produced than in any other week. 
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Fig. 2.—Mean total number of leaves per tomato variety at 1-week intervals. 
Means not enclosed by vertical lines differ significantly at the 1-percent level; means 
enclosed by vertical lines do not differ significantly. 
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Comparisons among the other 5-week periods showed no significant differ- 
ences. The standard error and least differences required for significance 
between mean weekly productions of leaves, in table 1, are presented in 
the following tabulation: 


Item 5-percent level 1-percent level 

Least significant difference between highest and 2.81 3.35 
lowest means 

Least significant difference between highest and 2.69 3.24 
2nd lowest 

Least significant difference between highest and 2.53 3.00 
3d lowest 

Least significant difference between highest and 2.30 2.88 
4th lowest 

Least significant difference between 2 adjacents 1.92 2.54 


Standard error 0.68 with 92 df. 


TABLE 2.—Mean squares for the mean total number of leaves produced during 1-week 
periods by the 4 tomato varieties studied 








| 
Source of variation | Degrees of freedom | Mean squares! 
Varieties | 3 | 73.58 
Weeks | 5 235.61 
Weeks x varieties | 15 | 10.14 
Error | 92 2.29 


1 F value significar 


The large number of leaves produced during the sixth week could be due 
to the fact that, at that time, all the varieties were ramified and many 
leaves were produced in each ramification. 

The highly significant interaction between weeks and varieties indicates 
that the rate of increase in the weekly leaf production is not equal for the 
different tomato varieties. The analysis of variance for this interaction is 
presented in table 2. 


NODE NUMBER ON THE MAIN STEM AT WHICH THE 
FIRST FOUR FLOWER CLUSTERS APPEARED 


Mean Total Node Number when MA Appeared on Main Stem 


The node number at which the first flower cluster (MA) appeared on 
the main stem (table 3 and figure 3) was 13.54, for Rutgers, 12.14 for 
Queens, 11.65 for Valiant, and 10.05 for Earliana. In Earliana a highly 
significantly smaller number of nodes from the cotyledonal leaves to the 
appearance of the first inflorescence was produced as compared with Rutgers 
and Queens. This tends to indicate that in an early tomato variety a small 
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EARLINESS AND SOME TOMATO PLANT CHARACTERS 


TABLE 3.—Mean number of leaves up to the appearance of the first, second, third, and 
fourth inflorescences on the main stem of the 4 tomato varieties studied 





Leaves appearing on variety indicated 

















Inflorescence ; — 
| Earliana | Valiant | Queens | Rutgers 
— pean $$ _$_$____— | H eansaceacsnteesiit 
First 10.05 | 11.65 | 12.14 | 13.54 
Second | 641 | 3.33 | 3.05 | 3.45 
Third | 3.47 2.82 2.94 3.19 
Fourth | 3.06 3.00 | 2.94 | 2.86 
15.1 (]~1st. Inflorescence 
14. M- end. Inflorescence 
134 (x]-34. Inflorescence r) 
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Earliana Valiant Queens Rutgers 
Fig. 3.—Position at which first 4 flower clusters appeared on the main stems of 4 
tomato varieties. 


number of nodes may be found up to the appearance of the first inflores- 
cence. The difference between Queens and Valiant was nonsignificant. 
The standard error and least differences required for significance between 
mean numbers of nodes to MA are presented on the following tabulation: 
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Item 5-percent level 1-percent level 
Least significant difference between highest and 1.30 G1 
lowest means 
Least significant difference between highest and i 1.56 
2nd lowest 
Least significant difference between 2 adjacents .95 1.34 


Standard error 0.31 with 12 d.f. 


Mean Total Nodes after MA when MB Appeared on Main Stem 


Table 3 and figure 3 show that Earliana took 6.41 nodes after MA to 
produce the second flower cluster. The other three varieties took highly 
significantly fewer nodes after MA to produce the second flower cluster. 
The differences among Rutgers, Queens, and Valiant were not significant. 
The large number of nodes between MA and MB in Earliana suggests 
that this variety needs an excessive vegetative growth to make up for the 
nutrient consumption while producing an early flower cluster at a height 
of 10 nodes above the cotyledonal leaves, at least as compared with the other 
varieties which produced a larger number of nodes. The total mean number 
of nodes after MA that MB appeared was 6.41, 3.45, 3.33, and 3.05 for 
Earliana, Rutgers, Valiant, and Queens, respectively. The standard error 
and least differences required for significance between mean total numbers 
of nodes after MA that MB appeared are presented in the following tabu- 
lation: 


Item 5-percent level 1-percent leve 
Least significant difference between highest and 0.76 0.99 
lowest means 
Least significant difference between highest and .68 91 
2nd lowest 
Least significant difference between 2 adjacents .55 78 


Standard error 0.18 with 12 d.f. 


Mean Total Nodes after MB when MC Appeared on Main Stem 


The mean total number of nodes after MB that MC appeared on the 
main stem 3.47, 3.19, 2.94, and 2.82 for Earliana, Rutgers, Queens, and 
Valiant, respectively. Table 3 and figure 3 show that Earliana produced 
significantly more nodes to produce its third flower cluster than any of 
the other three varieties. The difference of Earliana over Valiant and Queens 
was significant at the 1-percent level, whereas the difference of Earliana 
and Rutgers was significant at the 5-percent level. Differences of Rutgers 
over Queens and Valiant were significant at the 5-percent level only. The 
difference between Valiant and Queens was not significant. The standard 
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error and least differences required for significance between the mean num- 
bers of nodes after MB that MC appeared on the main stem are presented 
on the following tabulation: 


Item 5-percent level 1-percent level 
Least significant difference between highest and 0.32 0.42 
lowest means 
Least significant difference between highest and .29 .39 
2nd lowest 
Least significant difference between 2 adjacents 24 33 


Standard error 0.077 with 12 d.f. 


Mean Number of Nodes after MC when MD Appeared on Main Stem 


Table 3 and figure 3 show the mean number of nodes after MC that 
MD appeared on the main stem. The differences between varieties were not 
significant. This may indicate that, on some occasions the early as well as 
the late varieties may produce their successive flower clusters after equal 
numbers of nodes. The mean total number of nodes after MC that MD 
appeared on the main stem was 3.06, 3.00, 2.94, and 2.86 for Earliana, 
Valiant, Queens, and Rutgers, respectively. 

These results suggest that, in Earliana, the fact of producing the first 
flower cluster (MA) after a short number of nodes from the cotyledonal 
leaves could cause an unbalanced condition in the plant, forcing it to pro- 
duce a larger number of nodes between the first and second, and between 
the second and third flower clusters as compared with the other varieties. 
The results for the number of nodes between inflorescences are partly in 
accordance with Yeager (2) who stated that most varieties of tomato have 
three internodes between inflorescences. 


MEAN PERCENTAGE OF FIRST FOUR FLOWERING BRANCHES 
ORIGINATING FOUR LEAVES BELOW OR ABOVE POSITION 
OF FIRST INFLORESCENCE ON MAIN STEM 


The main percentage of the first four flowering lateral branches originat- 
ing four leaves below or above position of the first flower cluster on the 
main stem was 75.80 for Earliana, 53.60 for Valiant, 52.00 for Queens, and 
45.00 for Rutgers (see fig. 4). This result demonstrated that, in Earliana, 
most of the first four flowering lateral branches appeared closer to or above 
the first flower cluster than in the other varieties studied. This difference 
was significant at the 5-percent level, whereas the differences among Vali- 
ant, Queens, and Rutgers were not significant. The standard error and 
least differences required for significance between mean percentages of 
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lateral branches originating four leaves below or above position of MA 
are presented in the following tabulation: 


Item 5-percent level 1-percent level 
Least significant difference between highest and 26.04 34.10 
lowest means 
Least significant difference between highest and 23 .37 31.25 
2nd lowest 
Least significant difference between 2 adjacents 19.10 26.78 


Standard error 6.20 with 12 d.f. 
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Fic. 4.—Mean percentage of lateral branches originating 4 leaves below or above 
position of the first inflorescence on the main stems of 4 tomato varieties. 


FRESH AND DRY WEIGHT OF FIVE MATURE LEAVES 
PER PLANT AND FOR WHOLE PLANTS 


Fresh Weight of Leaves 


In table 4 and figure 5 are shown the results on fresh weight for the ma- 
ture leaves. This weight, in grams, was 36.43, 26.40, 23.53, and 19.19 for 
Rutgers, Queens, Valiant, and Earliana, respectively. These results show 
that the Rutgers leaves weighed highly significantly more than those of 
any of the other three varieties. Queens’ leaves weighed significantly more 
than Earliana’s. The difference between Queens and Valiant and between 
Valiant and Earliana were statistically nonsignificant. The standard error 
and least differences required for significance between the mean fresh 
weights of the mature leaves are presented in the following tabulation: 
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Item 5-percent level 1-percent level 
Least significant difference between highest and 6.51 8.52 
lowest means 
Least significant difference between highest and 5.84 7.81 
2nd lowest 
Least significant difference between 2 adjacents 4.77 6.70 


Standard error 1.55 with 12 df. 


It appears that the high rate of leaf production may account for the 
small size of leaves in Earliana. This may be possible if we assume that 


TABLE 4.—Mean fresh and dry weights, in grams, of entire plants and of 6 mature leaves 
of tomato in the 4 tomato varieties studied 



































Weights for varieties indicated 
Part of plant and basis —= ne eee ee ma 
Earliana Valiant Queens Rutgers 
Fresh weight 
5 leaves 15.19 23.53 26.40 36.43 
Whole plant 519.62 | 446.55 347 .58 685.18 
Dry weight | 
5 leaves 8.79 | 9.37 9.94 11.01 
Whole plant 107.96 | 89.61 75.30 127.31 
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Earliana Valiant Queens Rutgers 


Fic. 5.—Mean total fresh and dry weights of 5 mature leaves formed by 4 tomato 
varieties. 
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the nutrients of the plant are used in formation of more leaves instead of 
in increasing leaf size. 


Dry Weight of Leaves 


In table 4 and figure 5 are also shown the results for the dry weight of 
leaves. As can be seen in table 4, the fresh and dry weight of leaves rank 
in the same order of statistical significance. The mean total leaf dry weight 
(table 4) was 11.01, 9.94, 9.37, and 8.79 for Rutgers, Queens, Valiant, and 
Earliana, respectively. The standard error and least differences required 
for significance between mean leaf dry weights are pesented in teh follow- 
ing tabulation: 


Item 5-percent level 1-percent level 
Least significant difference between highest and 0.94 1.23 
lowest means 
Least significant difference between highest and .84 1.13 
2nd lowest 
Least significant difference between 2 adjacents .69 .97 


Standard error 0.22 with 12 d.f. 


Fresh Weight of Whole Plants 


In table 4 is shown the mean fresh weight for whole plants. These means 
are: 685.18, 519.62, 446.65, and 347.58 for Rutgers, Earliana, Valiant and 
Queens, respectively. These results demonstrated that the Rutgers plants 
weighed significantly more than those of Valiant, and highly significantly 
more than those of Queens. The difference between Rutgers and Earliana 
was nonsignificant. The reason for this result could be that, at the time 
that the plants were pulled out for weight measurements, all the lateral 
branches in the latter variety had acquired a vigorous vegetative growth 
that surpassed Queen’s and Valiant’s. The standard error and least differ- 
ences required for significance between mean fresh weights of the whole 
tomato plants are shown in the following tabulation: 


Item 5-percent level 1-percent level 
Least significant difference between highest and 254.14 332.81 
lowest means 
Least significant difference between highest and 228 . 12 304.97 
2nd lowest 
Least significant difference between 2 adjacents 186.37 261.40 


Standard error 60.54 with 12 d.f. 


Dry Weight of Whole Plant 


Table 4 also shows the results for the dry weight of whole tomato plants. 
The mean total dry weight in grams for the whole tomato plants was 127.31, 
107.96, 89.61, and 75.30 for Rutgers, Earliana, Valiant, and Queens, re- 
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spectively. Only Rutgers weighed significantly more than Queens. Com- 
parisons among the other varieties did not show any significant difference. 
The standard error and least differences required for significance between 
mean dry weights of whole tomato plants are shown in the following tabu- 
lation: 


Item 5-percent level 1-percent level 
Least significant difference between highest and 43.85 57.42 
lowest means 
Least significant difference between highest and 39.36 52.62 
2nd lowest 
Least significant difference between 2 adjacents 32.16 45.10 


Standard error 10.44 with 12 df. 


The results on the tomato fresh and dry weights suggest that the fresh 
and dry weights of the leaves are better indices of earliness than the fresh 
and dry weights of the whole plants. 
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Fic. 6.—Main stem diameter 2 leaves below position of the first inflorescence of 
the main stems of 4 tomato varieties. 


MAIN-STEM DIAMETER TWO LEAVES BELOW THE FIRST FLOWER CLUSTER 


The mean main-stem diameters, in millimeters, of the four tomato vari- 
eties were 13.41, 12.50, 11.69, and 11.49, for Rutgers, Queens, Earliana, 
and Valiant, respectively (see fig. 6). In Rutgers the stem diameter was 
highly significantly thicker than in the other three varieties. Queen variety 
had highly significantly thicker stem diameter than Earliana and Valiant. 
This may be because late varieties take a longer time in vegetative growth 
before fruiting than the earlier ones, producing in such way the difference 
in stem diameter. The difference between Valiant and Earliana was not 
significant. This result suggests that an early variety has a thinner stem 
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than a late one. The standard error and least differences required for sig- 
nificance between mean stem diameters are presented in the following 
tabulation: 


Item 5-percent level 1-percent level 
Least significant difference between highest and 0.46 0.61 
lowest means 
Least significant difference between highest and 41 55 
2nd lowest 
Least significant difference between 2 adjacents 34 .48 


Standard error 0.11 with 12 d.f. 


YIELDS 


The yield was measured in terms of number and weight of harvested 
fruits (see table 5); Earliana produced a significantly larger number of 


TABLE 5.—Mean total number and weight of fruits produced 
on the 4 tomato varieties studied 








Results for variety indicated 
Character measured a 


| Earliana | Valiant | Queens | Rutgers 
Number of fruits | 53.40 35.40 | 40.20 | 32.60 
Fruit weight (pounds) | 10.15 | 6.56 | 6.61 7.44 


fruits than Rutgers and Valiant. No significant differences were found be- 
tween Queens, Valiant, and Rutgers. There is no explanation for the high 
yield in Earliana over Rutgers, aside from the fact that Rutgers was har- 
vested only four times, whereas the earlier varieties were harvested six. 
On Rutgers the yield data were discontinued after the fourth picking be- 
cause of the high incidence of diseases and nematodes. 

No significant differences were found between varieties for the mean total 
weights of fruit harvested presented in table 5. 

The standard error and least differences required for significance between 
mean total numbers of fruits harvested are presented in the following 
tabulation: 


Item 5-percent level 1-percent level 
Least significant difference between highest and 18.19 23.82 
lowest means 
Least significant difference between highest and 16.32 21.82 
2nd lowest 
Least significant difference between 2 adjacents 13.34 18.70 


Standard error 4.33 with 12 d.f. 
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EARLINESS AND SOME TOMATO PLANT CHARACTERS 


SUMMARY 


An experiment was conducted to determine the association of certain 
characters with earliness in the tomato, at the Isabela Agricultural Experi- 
ment Substation. Four varieties were included in this study, namely: 
Earliana, first early; Valiant, second early; Queens, midseason; and Rut- 
gers, late. The information recorded was as follows: 1, Leaf production at 
weekly intervals; 2, node number at which the first consecutive four-flower 
clusters appeared on the main stem; 3, percentage of the first four flower- 
ing lateral branches originating four leaves below or above the position of 
the first flower cluster on the main stem; 4, fresh and dry weights of five 
mature tomato leaves per plant collected from the first and the last plant in 
sach replication; 5, fresh and dry weights of each whole tomato plant that 
was planted at the beginning and at the end of each replicate; 6, stem di- 
ameter two leaves below the first inflorescence; and 7, yield measured in 
terms of total number and weight of fruits produced. 

The results of this experiment strongly indicate that earliness is asso- 
ciated with the following characters: 

1. High rate of leaf production, 7.e., an early variety producing more 
leaves per unit of time than a late one. 

2. Small number of leaves from the cotyledons to the position of the 
first inflorescence on the main stem. 

3. A relatively large number of leaves from the first to the second, and 
from the second to the third inflorescences on the main stem. 

4. Concentration of the first four flowering branches within a relatively 
small zone on the main stem, a few leaves below or above the position of 
the first inflorescence. 

5. Relatively thin stem. 

}. Relatively small leaves. 


~ 


RESUMEN 


Este experimento se llevé a cabo en la Subestacién Experimental Agricola 
de Isabela con el propésito de asociar la precocidad con ciertos caracteres 
de la planta de tomate. Las variedades usadas para este estudio fueron: 
Earliana, primera temprana; Valiant, segunda temprana; Queens, inter- 
media; y Rutgers, tardia. Se tomaron datos de estas variedades en cuanto 
a los siguientes caracteres: 1, Cantidad de hojas producidas a intervalos de 
una semana; 2, posicidn en que aparecen la primera, segunda, tercera y 
cuarta inflorescencias en el tallo principal; 3, porcentaje de las primeras 
cuatro ramas laterales florecidas que aparecié cuatro hojas mas abajo o 
sobre la primera inflorescencia en el tallo principal; 4, pesos himedo y 
seco de cinco hojas tomadas de la primera y de la tiltima planta de cada 
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repeticién; 5, pesos htimedo y seco de la planta entera usando la primera 
y la ultima planta de cada repeticién; 6, didmetro del tallo tomado dos 
hojas mds abajo de la primera inflorescencia; y 7, ntimero y peso total de 
frutas cosechadas. 

Los resultados estadisticamente significativos demostraron que la pre- 
cocidad en el tomate esté asociada a los siguientes caracteres: 

1. Alto ntimero de hojas producidas por unidad de tiempo transcurrido. 

2. Un ntimero reducido de hojas comenzando desde las hojas cotile- 
donarias hasta la posicidn en que aparece la primera inflorescencia. 

3. Alto ntimero de hojas entre la primera y segunda y la segunda y ter- 
cera inflorescencia producidas en el tallo principal. 

4. Concentracién de las cuatro primeras ramas laterales florecidas dentro 
de una zona reducida que incluye cuatro hojas hacia abajo o sobre la posi- 
cidn en que aparece la primer inflorescencia en el tallo principal. 

5. Tallo relativamente delgado. 

6. Hojas relativamente pequefias. 


LITERATURE CITED 
1. Rick, Charles M., and Butler, L., Citogenetics of the tomato, Advances in Genetics, 
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RESEARCH NOTE 


FIELD BEHAVIOR OF CERTAIN SWEETPOTATOES 
TO MOSAIC IN PUERTO RICO 


Sweetpotatoes grow very well in Puerto Rico, but most of the production 
comes from small patches. Recently, interest has developed in growing 
this crop on a broader scale commercially. 

At present the sweetpotatoes produced in Puerto Rico are used almost 
entirely for local consumption. With improvement in the production and 
marketing of the crop Puerto Rico could profitably produce an increased 
quantity of sweetpotatoes for local consumption and for processing. During 
certain times of the year it would be feasible to ship fresh sweetpotatoes to 
outside markets, and substantial outlets also could be developed for the 
canned products if supplies were adequate. 

Although mosaic of sweetpotatoes has been known to be present in 
Puerto Rico for a number of years, it has not constituted a problem until 
recently!. The disease is known to occur in different places throughout the 
Island where sweetpotatoes are grown and is capable of affecting our best 
commercial varieties. In the field the disease appears as a distinct mosaic 
mottling of the younger leaves. As the infected plant grows, the leaves 
become chlorotic and wrinkled. Sometimes they develop puckering in 
the form of raised green areas alternating with light-green areas. Affected 
plants are usually stunted. Frequently, however, the above-mentioned 
symptoms assume a milder manifestation and close scrutiny is necessary 
to detect infected plants in the field. The virus causing this sweetpotato 
mosaic is not transmissible by mechanical means. The only means of trans- 
mission is by grafting. So far no insect vector of the virus has been found. 
Virus or viruslike diseases of the sweetpotato have been reported in the 
United States and Africa? *. According to Adsuar! the sweetpotato mosaic 
present in Puerto Rico resembles the feathery mottle mosaic described 
originally by Doolittle and Harter’. 

The simplest method of transmitting the virus to sweetpotato has been 
by insertion of plugs from mosaic-diseased roots into roots of healthy plants. 
The healthy sweetpotato root is first cut in halves and one portion planted 
as a control. A core of diseased root tissue is then removed from the fleshy 


1 Adsuar, J., A mosaic disease of sweetpotato, Ipomoea Batatas, in Puerto Rico, 
J. Agr. Univ. P. R. 39 (1) 49-50, 1955. 

2 Doolittle, S. P. and Harter, L. L., A graft-transmissible virus of sweetpotato, 
Phytopath. 35 (9) 695-704, 1945. 

3 Sheffield, F. M. L., Virus diseases of sweetpotato in East Africa, I, Identification 
of the viruses and their insect vectors, Phytopath. 47 582-90, 1957. 
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root of mosaic plant with a cork-borer and inserted in a hole made in the 
remaining half of the healthy root with a borer one size smaller. In many 
cases actual union occurred between the mosaic root plug and the surround- 
ing healthy tissue, but even when the plug eventually decayed, the shoots 
from the inoculated roots always developed typical mosaic symptoms. All 
control roots produced only healthy shoots. 

The following sweetpotato varieties, considered among the best grown 
in the Island, were obtained from the Agronomy Department at this Sta- 
tion and found susceptible when inoculated by root grafting in the labora- 
tory: Rico, Cobre, Canela, Blanquita, UPR 3, and Rubia. Infected roots 
of the highly susceptible variety Comba were used as donors of the virus. 

As nothing is known about field transmission of the virus causing sweet- 
potato mosaic under our conditions, and as all local observations tend to 
demonstrate that the disease seems to spread very sparingly among the 
commercial varieties planted in the Island, it was considered of interest 
to test the susceptibility of the above-mentioned varieties, as well as the 
incidence of the disease under field conditions when nearby sources of in- 
fection are provided. 

Field-plot experiments were started in March 1958 at the Station farm, 
in a field selected because previous observations had shown that sweet- 
potatoes grown there had acquired the virus. One of the objectives was to 
find whether planting alternate rows of the healthy and virus-infected 
sweetpotato plants would result in disease incidence in the healthy plants. 
In these experiments mosaic-free cuttings of the above-mentioned sweet- 
potato varieties were planted in small plots 6 feet by 12 feet, with plots 
of infected Comba intercalated between them. The borders surrounding 
the field were also planted with the infected variety. Observation on the 
presence and spread of mosaic in the healthy plots were made monthly up 
to harvesttime. Account was also taken as to presence of insects during 
the course of the experiments. 

These experiments covered winter, early spring, and fall plantings and 
were terminated during the latter part of April 1959. No virus symptoms 
could be found on any of the plots planted with the mosaic-free varieties, 
although the presence of aphids, and especially leafhoppers and whiteflies, 
was noticed during the course of the field inspections. 

Since our virus is not readily transmissible except by tissue union or 
prolonged contact of diseased and healthy tissue!, it is not likely to be 
widely disseminated by means other than an insect vector. So far such 
vectors are unknown. 

However, in a recent paper Hildebrand‘ has demonstrated that a white- 


4 Hildebrand, E. M., A whitefly, Trialeowrodes abutilonea, an insect vector of 
sweetpotato feathery mottle in Maryland, Plt. Dis. Rpt. 43 (7) 712-4, 1959. 
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fly, Trialeurodes abutilonea (Hald.), is the vector of feathery mottle in 
Maryland. He also found this fly breeds on a weed Abutilon theophrastis 
(Medic.) near the field, and that it migrates to sweetpotatoes only after 
the host begins to seed and shed leaves. He attributed the variability and 
difficulties of transmission of the feathery mottle virus by the whitefly to 
the intricacies of the insect life cycle, plus the variable character of the 
plant response to the inoculation with the virus. 

Since, as has been already stated, the virus present in sweetpotatoes in 
Puerto Rico seems to be closely related to, if not identical with feathery 
mottle virus, the apparent field resistance of the varieties under study 
may well be due to an insect-vector relationship similar to that cited by 
Hildebrand, involving the whiteflies observed in the Island. 


José Adsuar 
Department of Phytopathology and Botany 
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